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f>R’^FACE. 


I HIS Huncl-Boo^ which has been pre^ed*<^c?r th^ 
oi all coucerned 'in the, constructiqn ASd maintenance 
tfie Permanent Way of Railway sjippTies ready 
means of dealing with, the problems of a dimensional nature 
wldch arise in t^lfe planning '*and daying of track in'icorrecfc 
alignmeifit,,and with uiie proper use of the manufacturcfl parts , 

' of which it is coiilp?’*j6ed. 

Via* Whilst ai.^ing to pro\nde ar> '^ssenti ally practical ^ork 
for the us© of the trained Civii Erfgir^eer, his Assistants, and 
th€i»Jpngin;5erfng rStudent, the' authors li.^ve had Mso Lwinind 
fihe needs Cf those engagedsH^n the actual laying and up^ep 
^of the track — the Permanent »Way Inspector, Ahe Forfenj^,« 
g,iid tliat large class of manual w'arkevs in wnose rank’;\ arc. 
many thoughtful and intdngent niv^n take a real inten-est 
in their work. TheJ:)oc)k is intended to st^'n^then ttkese jnen 
at'^their weakest iioint, as they have not’ usually diad the 
,of)portunity of gaining a knowledge of the’ niathoniaLiof;^ side 
of their^i-yr^rk. It is trusted that they will number largely 
amongst IShe readers. Though it has been necessary to use 
mathematics ^\jth which they may be unfamiliar, the^. arc 
asked n6t 'lio be discouraged if at first they fail under^anci • 

certain parts, since, as wV-h any suiijcct ijuch af* this, a 
complete grasp can only be attained by. study, \vhich should, 
where possible, be supplemented by a certain amount of oral 
instiMotidn. 


With regard to the last point it is hoqed that the book 
wrill fulfil a long-felt want as a text book Ju it able for use with 
any scheme of lectures on tha subject, such as may wisely 
be reorganised on the ^iies of the already existing, Schoojs of 
Signallingi^and similar courses of instruction dealing with the 
technical sidp of rti.ilw;]y work. 

iil 
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P^EPAt^. 


'The matti^maticftWe-’kept as Bijiiple as pracfci/^ablo, 
it inu^t- be recognised* fchalf scoge^in WeaAnent of aucK 
lf>i subject bo f seriously . restricted ^ unless Geometry', 

Algebr'^, and Trigoi.omotry -were eixiployed. , Simple explana- 
tions of thes6 subjects have therefore been iiiclud&d to enable 
^he^revi®v‘3ly U!:Hnformed, but enterprising student, to follow 
the derivation*of‘t'‘iie rules, and to put ‘them tp use wj^hr''!- 


boinc ^confined 
arithmetic. 


to tffie .laborious methods of elementary 


' t I «i 

, It must bo emphasised, however, tbat^ in practically all 
cases tile rules are converged into such 'a form that tViey may 
be employed by the use of arithmetic ,9.1oi;3. 

, ^The practice tOn British Eaihvays of ^andarcT* Gauge 
has been the first cofi si deration hut, in principle, the views 
expi^e'sfeed apply to railways in general, and the rulo^ are .si'ated 
ir> such a way that they may be applied to any gauge or unit 
c^^TT^easuremSipt in use. ‘ ^ 

Tt is not only as^a iqxt book that the work is intended, 
but also as a boolf of reference. In this respect every efibrt 
,has' beep made tw facilitate ready reference and universal 
appltftation. To, njeet the different conditions obtaining .on 
various railways, cblank columns have been provided w*here 

it is necessary, so that tlie user of the book may insert 

« • 

MimensioriScapplyin:' to the practice of the particular railway 
twitL which he is concerned. * 


The treatment of curve problefiis, and their applicatidh to 
points and crossing problems by the methods of drawing to 
scale or lining out, is treated thor'^ughly and, it is believed, 
in an original manner. 


‘ The calculation of dimensions required in points and 
crossings is r based c upon a turnout curve tangential to the 
switch at its heel, and not on the obsolete “tangential to main 
line^metho/I/V The rules given will, it^is hoped, stabilise .the 
practice and do aw^ay with the confusion and inaccuracies 
wh’cb-haVe hitherto existed. ^ c 



'-PBEPAdfe. 


^ ^ ^ ^ 

The Cenlrb Ljne^fQth^d of AiocisijTomeift'of the jiiioflsing 
angle has l)een adop^pd as 4:^ing practically umpmal'on. tb»- 
raihvfys^f this country. 

Nearly alNtlie texlf and diagrams and 'UMiny of Uae 
tables are iipblished^for tlfb first time, and CK^ntai^nany ne#K 
and fresh methods of calculation.^ ^iiey^re the i*esulte 
df long experience and careful \\|prlj;ing,*an3 have l^en^Jjgpted 
in actual practice. Pains have been taken to avoid errors ; 
-b«Uit is iiossible ymt such exist, and, sTiould any be disSSVered,’ 
the autlKirs would be^lad to^be notified of them, so thjt they 
tnay be rectified iu/^uture edition."' 

Ai^ swggei^ions for^increasin^^ie usofulftess of th¥ work 
will be gladly received and ackqpwledged. 

J)he jfnport^rice of the subject of track ali]^mnect« haS* 
iieen *kept carefully in vi|n/, and the princii)les have, lijapn 
systematically set forth so as tft facilitate the t|;orough 
yhich is necessary hy^all concerned. 

It is a desideratuin that our ^RdSrwaxs should have the 
, safest and ejjisiest rSnning roads possible jixilor tlfe varying 
circumstances. The principles explained m this volume itvill 
•teiid^to this and also to economy in makipg the best of the 
costly matSrials used in forming and maintaining a modern 
railway track. 

VM. lllfle^VORTIL 

J. THCJS* LEE. 

Manchester, 

May, 1922. 
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ICH^PTER I. 


IKTftOJ)i:CT()BY. 

•^"^rhe purjaose of this v^iluiuo is bric-tl/' cxplftined in the 
-It is now proposerl^ to n ^cnoral ^lirvey of 

ilu‘ prcict'diirc and rnotliods oi undortakin}^ railv ay tsack 
dinwi'nsional wnrkr tuul notes and suggestions will be given 
as 1o the study and praetieal appiieation of the eontohts of 
tlie bpok 

> 

General I^rooedure. 

Tfiis may best l)e explained^by taking the instance of 
<in intended extension or alteiat’.on o*l track arrangejiieiits. 
Af^i'r theJ>“«iecouunodation and faoiliti(‘s 'neeessaryj have been 
^lei‘i<led upon, a->plan to a comparativady small scale, ^hiieh 
as ()I5 (U* 40 feet to an U^h, is drawn in tije Engineer's 
(>rti(*e. 'Hie pur])osc of tnis plan, V?hioh is usually named 
4]ie “ Scheme Plan,” to discover and decide upon ’the 
begt arrangement or “lay-out” tnat t-an lie made in the 
spar-e available. TJje Inspector, Vir other person instructed 
to.carry out'the work, may in some cases- ho provided with 
nothing more than this scheme plan. 

' in other cases he may also be supplied with a “WoAing 
Detail Pla?i,” to a s^ale of 8. 10. or ,20 feet to an ineh, 
showing every dimen sion<'»nccessary tn^'enable him to o’^der 
the material, and lay it in its correct j?osition. In either 
eve.nt,^^'1:hc inTportant points in the lay-out. according to 
circumstances, may or may mA. pegged out on the 
ground by an Engineer. 

Eor intricate and important work^ the {atlor procedure 
should always be ernpiSyod, with tie proviso that the 
Insp^fector should be present when detail setting out is 
proceeding, so that he may call attention to practical phte- 
laying considerations, and be familiar with the positions 
anrived at. • ^ ^ ' 

The former procedure however, is frequently adopted, 
and,^ theBffore, it must be as$umed that it is reasonable to 
expect tBe practical.^ man to work from the scheme 
alone. This means that he must bo able, from flexed 
lengths, widths, rtidiiiof curves, etc., which may be'niven 

A 1 
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on the plan, or are otherwise (lcteririiiinb|’e, to derive* such 
other (limeii&it!irs as are n^^cessa^y to aim to ordeV 

, the requisite imaterbd-, and afterwards i. lay it in its correct 
'pos/tijon. 

These “ Detiwl Dimensions’’ w'ill j^^iclude suitable' 
lengths of switches, rails and timbers, propo/ types of 
bhairs, (*;^orrect angles of crossings, hads uf- turn-outs, 
distances Spa^'t qf.'brqssings, and such lateral dimensioro '»s 
will give the track tlr^j required clearances to adjacent track 
and struptures. He must IxJ able to set out minor curves, 
apart from the general main centre lines Icxjated by the 
EngiReer, ■ and to give curves their correct super-elevation, 
incroai?ed gauge, and oUk^' adjustments. Tn addition to 
working from a plan, he shoiiW. kno^f Jt^ow to obtain par- 
ticuli "s for the laying <jf track arrangt'inents of a fairly 
simple nature from verbid or written instructions. 

With n3gard to an oxi^lin^' “ Tyay-out,” he should know 
how to rece-rtl its particulars, such as radii of curv,fs. angles 
of eikiSSsings, etc., and be able to critically^ €ixamine ij: and 
find where iiaiirovement can made when opportunity 
affords. ^ ^ ' 

This "summary includes work which In some cases 
would be dealt vvitl\ by an !<higireer, but there appears no 
reason why the qspiralit/to the positim of Tnspeetor (vr 
For(?man*‘'shouy not study to equip himself with all t4ie 
knowledge that h'e can. Oc.cnsion.s may, and indeed oftt^n 
do, erise in the e^dgoncies of railway w’orking, for him to 
use it. On- many cceasions a man has been brought into 
prominence by his ability, when an aticident has occurred, 

^ to quickly obtain e^,.act pnrtieulars of the materials required, 
and without delay determine the positions for the relustaie- 
Tient of important trreks. 

Methods of Wc:king. , 

In obtaining Ih^ “Detail Diriensions,” more particu- 
larly as regards those of points and crossing W'ork, there are 
three main Methods of Working: — 

1. By Caloulatton based upon dimensions given from 
headquvirte'ts, Ox such as oan be directly obtained on 
the site. Urider tliis method is included the use of 
Tables of Dimensions ayplicable to tlie work. 

2i By Diawing the new work, or , portions of it, upon 
paper to a scale large enough to measure the required 

rdimensions with sufficient accur:.oy by scaling. 
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3 . By Llniji^* odt th-e new wovk uj^on tlie* ground with 
string’s, so h ; to obtf)in the . oquircdt dimensions 
. directly on the site. 

Method 1 (CaJoulation) : should L)(‘ applied tfs fixi; as 
posskjle. It calls tor little or no assistaiice. InstriiJ 
unnits, ore not •.(^ircd. Thf results are usually*’ very 
satisfactory, as a high degree of . accuracy may he 
"obtained. * ^. ^ ‘ 

Unless, however, the lay-out is lairly sin gle and 
with regular outlines, there may be ]):u ts (d the W(’rk. 

• which will, be difficult to solve by cjibiilation alone. 
Ivecourse sliould then be madt* to r)ne of the (dlicr 
nuithods 

1 

Method ^ (Drawing): liecjuires some aptitude or pnictice 
if\ gooinetritail drawing, an U* the provision ^ of the 
necessary drawing instruments, including a set of 
curyt'd rulers. The chief difficulty, for Lhose jiot 
ti’aifted in surveying, may occur in tlie drawing of the 
po.sitioii of existing w;i»ilc by which the new work will 
be affected This difficuHy, however, may often be. 
overcome by measurements of a simple chaructbr, as 
explained in Chapter XXV. . . ^ 

Method 3 (Lining Cut): 'rhe method most generally in use 
^ by Inspectors when the method of calf illation wjITnot 
serve. , , 

It has the advantage of showdng by the .strings the 
appearance of the new work in it^ actual position, and 
t*lifi various crossing points, etc., may be marked 
' forthwith. The disadvantages, however, arO serious. 
The mcthixl involves delay, ns the lining out must 
aw^ait^ favourable weather and traffic coiiditions. A 
fair amount of assistance is required, iHi^\d aceuriey 
may be interfered with by carelesrness on the part of 
811 assistant, or by {he wind deHeiding the lines. The 
. chief value of the methcxl i.s to check and establish 
0 measurements arrived at by" the other methcxls. " 

In some eases it mjy serve to j^olvcpsome problem 
with regard to a 'portion of the w^v'k, which would 
need elaborate calculutiifti ..or surveying to solve other- 
wise. 

^ ft 

Thei'e need be no hard and fast rule a/dopted as to the 
use of any of the three methods. » Any one, or even al^ of 
them, may -be brought into .Service upon the same w*ork; 
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the aun to be^kept in view bt'ingcthe at the nin^* 

satisfactory result uirder the (•krfc•uTus^allJ■,e^ In the h^llaw- 
chapters n'ill be f/ und the information necessary to pub 
those methods ink) praetii-o. 

'Resume of Contents. 

Tile Mist elKiiieoiis ])imensionr> which must be obst‘i \cd 
in laying tra.ekwor'k are given in Ohaptor II . liivl, to aVni.* 
mii'undc.’standing, Delinitions of the tetdinical terms u^cd 
are included where ne/'e^^^arv. 

”, ‘ ’ 

Chapter III will serve as a referent'O to the particular', 
of the ^’ompnnent Parts of the Tack. 'J’iit' informatif)!) given 
wdl enable a selection to he Inade from .'.he available rail", 
('hair^: etc , sut'li as will riiost etfi(deiitl\ and econoinicaliy 
fulfil the purpose rtHjuirou. It will also form a guide co tin- 
spaces net'essary for (‘hairing, timbering, ett*. 

■* In these two chapters, and elsewlitU’C when necessary 
th(?. dimensions usually adopted ;p’e given, but lilank spaces 
are provided, so that^ the dimensions obtaining in the 
pnudice of the particular railway the reader ma\ he con- 
cerned with t an be^ inserted. . a 

* 0 

Chapter IV.; explains, in brief, th“ elementary prin- 
ciples of Matheiaatit's, and (diapter V. thost' of (TeniiK'try 
witji its general theorems and problems, upon which latter 
so much of the theory of the .subiect is based. The range of 
knowdedge required fcj understand these is only Idiat of the 
ordinary school edii’catiou of to-day, and anyone' thus 
equipped -rwill be able to follow' tlie derivation of, aivi 
« to use, all the'rules in, the book. Tliose who arc not prepared 
to use mor/3 than simple arithmetic will necessarily be 
obliged to acc'^pt the rules in the later (diapters as correct, 
and use them as cijnverted to their simplest and plainest 
form. To suit such readers, the jules most frequently in 
use are stated not only by the usual mathematical fornMilue, 
but also in words. This, JiGw^evor, is only done w’hert' Iht^ 
rule is stated for the fir.st time. In the worked out examples 
the rule w^hl be miftted as a formula, its reference number 
being given, so tliit its equivalenj in words may be referred 
to if required. 

Usually the working out of the examples wall he sh?)W'n 
by other than Trigonometrical Rules, it being assumed that 
,thov»e ^Vho (‘hoo«e to use these will easily be a/ale to do so 
without examples. ' 

4 
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^ The reader wh(>4will^malc(4 hirnselt faAiiliar'-wjth tho 
symbols ^ised, im|l learn read -a rule expressed by those, 
symbols in the gnape of a fonnula| M ill fii^^his’stiuly* 
thiS atid otlier works^. lot^efticr with Jiis cal^-ulatipns in 
t}ver\-clav vv'c^-k? f^rcatly facilitated. It must be noted tjjat 
all the dimension^ in- any rub* are In the same jjnit 
iJieasureiitent, so as to avoid eoitfiisifin. •* 

«««► Ciirve*. with tHe jiRpbloms aad atfjtislinents appertain- 
ing thereto, aie dealt wifi; iv C’hlTplia's VI. to^X. ^Tlie 
reastai tor this extensive treatment is, tliat nut only dues 
tbi‘ j)roc<*diirf! jiiven ap])Iy to euvfes in plain line, fcnt it 
enal)lc‘s probleTns in points and crossings to be corre(*tl.\ 
dealt \yth by the ♦nelhoiis of “ Drawing to scat* and 
“ Tjining out.” % , 

Poyiis and Crossings aro^dealt with yi tll€ later 
cha|fters Each chapter upon %ny particjihir c#ntrivaiice 
will deal separately with —tine general aspect, the practical 
(bdails, «a.ii(l th^ calculations. To ur^lerstatid the c^.cula- 
1i(uii# applying to any track, arrangement, such as the Turn- 
uift, it will be nccessig?y to first peruse 5ie important 
chapters dealing with the SM’itclii Ihe Crossing, ahd the 
Crenoral Rules • 

• Tile System of Eaetofs. men^ioBOtPin ('haptt*r XII i.. is 
more fulky exj)l{i^,ie<l, with (‘xaniplos. Cbaplji^a' XXIV. 
Py tliis system n’quin'd dimensions in fJi)illts and x^rtiSbing 
problems rna\ , in many cases, be f(^iiiid with sulhcieiit 
ac^'uvacy, b\ simply multiplying a given <limension hy the 
Factor. • • 

Special notes upon thi‘ Method 6t Drawing to Sc^le are 
Ijivpp in Cdiapter XXV.* Much of the^procedur*', however,* 
is dependent upon principles exj)lainod •in the oarliei;* 
chapters.^ * . • * 

System of Symbols and Reference Numbef^.* 

In order that easy reference to ?lie Rules, Diagrams, 
etj;., may be made, the following system has been adopted; 

• Symbols denoting a. defiflkk' dimension from one' point 
to another, and used in a rule or formula, are indicated by 
an upright capital or gmalt letter, thuSj:— li ** for Radius, 
"L” for Lead, “d” ^r some special distance, etc. 

Points upon the diagi'ams, such as the ends of a line,* 
tlHi cer^re of a circU, etc., *are indicated by sRping lefters, 
thus: — “ A Ji/' These.two letters in the text would denote 
a line froya point i‘ ^4 ” to point B.'* There is an^*xcep- 
tion to this rule^^in the casflP.of Chapter V. 

S 
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The Genei'fil RlileJ for,.- Circ'ujar ^Jurves, ' Chapter VI. 
and Ti\bles 23^ and 24, are numbVred and marked with a 
VCl” proi?cdhig the nipiber of Viie rule.* - 

nn^nbers qE the (ienoral Ktiles fur S^A'itehfis and 
Cr 9 .ssint^s. Tables 2'.'), 2Ch and 27. iut followed l)y,a small 
ItitlcT '-lii,” b,” or “c/' iiceordim^ io^ the type of rule, 

triffonomet^ii'a! or otherwise*. ' 

. •' B ■ , , 

^liseellanoous Kules nnd Ta^blfs ocenrrin^ throiif^hn..*;.- 
the >vork. the Diagi'ams. and the Problems are numbered 
thus: — “XV. — 5"; the lUanan numeral iiidif-ating the 
cliapter in \vhi('h the rn\o is first given, or in the case ni 
Tables. Diagrams, and rrobleins. the chapter*' in which they 
are included ^ ^ . 

When a Tabfe is referred to thus:— “ '^J'able 25," it 
must be underslnod ^ that t it is one of the collection of 

■General Tiiblcs' at the end the book. 

a 

TaWB^, ' 

Of the 51 Tables, only 15 arc confined to the 4ft. 8-Jins, 
gauge. By the employment of thcA rules given in the book, 
it wilPbe ,a comparatively easy matter to construct tables 
applying to other gauges.'* 

Attention is cjilled ‘to liable 20, wbicb, in cases where 
dimension*? are nroportional tf> the gaugr. enableff; several 
■of the other taKlths to be appliefl to diffci'ent gauges. ' 
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CHAPTER tl. 

• • 


MISCELfAXEOUS DliJENSJOXS A*TD’’ 

• • DKFINITIONS/ 

• ^ • 

Dim(*nsioiis of a inisdbllaneous olmractor afTpIyiilg to 
railway track and structures in oonncction therewitji, are 
tabulated witk* explanatory notes in this chapter. The 
usual dhtiensioiis acjoptcd^m Britisli Railways of gtandard 
(laugi^ will l)»‘ gi^vu, but in..sorue cases it will be iH?ccssary 
for the reader to uiakt* altcifitioris and additions, that 
the Jjgdres may conform to tlicj ijracfice of th*e niilway li<* 
is concerned with “ * " 

• Oijjriortunitj' will b(‘ taken to «leiiue (us* printed in 
italifs), tln‘ terms ii.sed, bel^*ul^^e as is w(»ll k^iown, there is 
a*regrettable lack of iiniforiuity in railway technical h^rras^ 
and their application. 

• In America, the Raikvay Association has recommended 
certain standard definitions for^adoptioji in that country, 
but the only steps taken with regard tiO<^RritiJli ^pritftice 
frould appear to be the definitions with regard to Tramway 
■rrack, laid dow'n- h} tlic T^ritish Engineering Standards 
Association, in their Report No. 79, 1919, and the erforts* 
r(‘cently made by tlie Insl^tutiqp of Railway Signal 
Engineers in respect "to matters ^oming within* theifi 
* province." 

» • 

^ Dira^msions such as Spaces, Clearancesf Distances in 
.connection w'iih points and signals, etc., i-iHuene^'d by 
the Board of Trade Requirements yn regard to Railw^ay 
Construction and Operation, d.ated 1908. The. present 
authority in this respect,- is the Ministry of Transport, who 
hajire, revised Requirements •itnder consideration. ’When 
these are issued, certain alterations may^be necessary to 
the Board of Trade djjnenfticiis given tn^thea^^otes. 

geometriSal teems. 

SMmplQb Curve. • 

A line which is a portion^ of the ciTcumferenc^ of a 
circle, f.c.< the g^roof a circle. This is the curve universally 
used either for the whole^or the nlain part of a railw'ay 

• V 



CHAPTEU 11. . , i 

' cllrv(^ Curve* ]5r,()bl(*uis Hre<dealt jvithtin Chapters V., VT., 

.and VjCr., whilst the question of.Jdmitiuf Kadii f/hd other 

^iwlred poinfs rfirc disci/fescd in* Chapter Ia! 

*■ •• 
r 

Cojitm Flexure. 

‘ .1 uHvd fo denote fluii tiro ^cuulcoIclI cujrvfH hend 

in (iftpoaiic^directhns* 

r 

SimUar Flexure. 

A term used to denede that iico conncclrd curves bend 
in the same, direction. * 

Tan^ent.^' 

Iiv^.Gcomvt rij , u stnii(jlit dine iouchimj hut not cutlinij 
a cunve. - Tn .si^me couAtiies the straight portions f)f a 
railway track are known* a.: ‘"'ranj^e^nts." The term 
“ Taiv^'^'mt ’'Ms also us 'd in Trigonometry. 

<1 

Tangei^t Point or Springing of /3uri«. 

Tlu'^ [foini from irhicji a curve springSy that is irhcro 
it touche H (I line or oilier curve, ^hc ItCif being said io he 
“ Tangential ” uf the point. 

' ' i c.’ t 

( Compound Curve. 

, M curve formed bg tiro or more simple curves iangenlial 
to each other and of suuilar ftexine. See (Miapter VllJ. 

*■ <* 

' Reverse Cutve. < 

A curves fqrmed by two simple t‘drvcs tangential to each 
other but of opposite flexure. Sei* Cliaj>ter VIII. 

c Transition Curve. 

.'l.carar mainng a gradual change from a straight Jihe 
to a* e ire alar curve or from one circular curve to another. 
The American te^Jn is**' Easement Curv('.” See Chapter X. 

GAUGES, SPACES, AND CLEARANCES. 

Oau^e. 

The least distance between the* rail heads of a track 
where tk^y are touched by the ftci^igcs of t'hc^whecls. 

■8 ^ 



' M ISCELLANEOUS . 

Table of prlnclpU Railway Okug^ in use. 

ft. ins. * * 4 ■ . ■ . ^ • 

4 8^ #Tlu* Standunl Gjfiigc' o? .(Ircvtl Brftain. theiti being 

less thajli '2(10 of staliitory rnfl » nyA o! otjicr 

• • Any, p!ms*''*(>th('r Than tliA ncods spcciaT 

finthorisiitioii^ It is also tho Vitiinrljifd (Jffuge in 
•U.S*A., C'liTiadii. and on ofrinin raiUvstvs in Eur(^i^ 
AiiStralia ,• am! Stniih ’’ 

4 Oi l-do motive, ihr (laugc i\i Kwinoc*, 4 rornirtny, and 

nfiiny countrit's* (J‘ lMirof)i‘. * 

5 () Tlu' Jiroad ( laugi* •in *lndia and sonu* ccwinlriys of 

South Anirrit-a. In S])ain ami Portugal tliu gaugt- 

• • is oft ^ f) Jins. • 

ri Irisli Pu’oad (laiigu Also used in St)utli Australia 

• and Vic'tcrm. * • 

0 0 Piissia.^ 

15 {') • Soulh Africa. (^ucrn-4.4nd, >\'(‘st Aiw^tralm, Xr\v 

Zralaiid. dapali^ ** 

■\ .‘I'rt 4 ’hc Afctn* (raugr •lisod for Jaght Railways in 

• ^ hVanca^ I ndia . ]\fala,\, civ. • 

H Liglil PailuaN (Jaugo in Ireland. Isl^‘ of Maji. 

'1* 0 ()iK‘ of the iaght Ihiihvay (fringes in India and 

•used ill several of The D^’itisli (’olonii'S^ ftocoin- 
Tuended hy the Taghfc^ Rail\\a\s .Investigation 
• C'omiuitti'e (]M. oi 'I' ) %\ to bo iVgarded as 

ihe stand, ard for narrow gaugi^ tjnos. • 

1 0 Soulh African Light Railway s «if^d sonii'^ifUian 

lines ^ 

i 11 -J; (<0 ('enlimetr*' (lauge. Light* Railways or*the 

•C'oniiruail. Kestiniog Railway and others in X<)rth* 
Wales. Rritish Alilitarv Light Railways. 

1 0 A coniinon Workshop Railway (iaiig»‘.* • 

I 8 Th(* smallest gauge in nractic.-d • use P'skdalQ 

Railway. 

l^paee. 

The djalTfUi'c l)cin'ce>i adjacent trgch’n. 

The Space is nsi;^illv nieasured between the outside 
edi^^es of the rail heads, i.’c., “cit'nr.” In drawing plans or 
miiJking calculations in \vhiclp,tJie gauge lines are indiofit(*d 
or usi'd, the space must be taken to inside edges of rails. 
It will tlu'n be terruejJ “ JSpjjpe (gaug^ linfs), • and equals, 

“ Space (clear) ” plufl w^lUi of two rail lieads. 

On curves, spaces must%e wider than on the straight* 
tc^ alloy for the ovej;t brow .of veliicles, unless •the staiwlard 
apace is wide enough to give the necessary aafe clearance 
between vehicles. ^8'hia suhject-is dealt with in Chaptgr IX. 
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SPACES (clear). ' ' ' j 

' Us^-ial. 

1 

By. 

. - ' i 

^It. ms. 


, ^Standard between a jrair (Up &fx(\ ■ 

(. 


Down) of Main Vracks./ 

f »■ 

-60*. 


, 'Between a pair of Main Tracks 

• * 


' and one or a pair of additional 

' t 


Ihi lining Trac*ks 

' r f 

10 0* 

p 

r * 

Bet\vc?Ln a Running Track aird a 



, Siding 

10 0 
t 

1 

1 

Between a Running Track an^ a i 

' 


Catch Siding 

6 .0 


B^twegn (joods Yard ^jy,ings 

* f ^ 

6 0 


B^twceiv (joods Yard Sidings- for i 



Cartways ; 

#• 

24 C 


Between Coal Sidings 

* 1 1 

6 0 


1 

Between l\larshalhng^ oi; Sorting 


1 

Sidings 

7 0 

1 


Between Carriage Sidings ! 

8 0 

i 

U 1 

1 .9 n 


Space to allow for. Lamp Posts 

to ; 

between Sidings, etc. - 

■ 10 0 : 

1 

*m * 

Space to altjw for Large Main 

10 0 : 

Line/ Signal Post 

«■ 

11 0 

Space to ahowfor prdinary jMain 

' 


Line Signal Post 

10 0 


Space for Siding Signal Pc^st 

9 8 



FluiUn^ PQlxxt. ' . * 

The point at which the space 'between two converging 
IracJ^s becomes msvjficivnt to allow vehicles on them to 
safehj dear each ofher. Where running or passenger 
tracks is. cone, the fouj'ipg nmst be taken where 
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tlif sjL)aGG is Oft.. In 'computing slaiuling wagon room iu 
goods sidings, the foujing goint xiften fcnkoii* at a .5ft. space. • 

' Clearandb. I -- 

The IwrizonfaJ difitfince. from of'ntif U) ^ 

Hlruc(\irc oi^oh^i^rl of hn\j kitM. ^ ^ ^ 

According to Jh);Trfl of Tradi^ Riili's no siruoture oyier 
than a passeiigcT 4 )!atfonn, inav 1)0 nearer to the side of •a 
carriage than 2ft. 4ins. at an>^ |V)int ^betwc'^ui rfie level of 
xM. al)ove«rail level*an(l#the t<ip carriiig* df)ors. 

On the 4ft. S^ins. gangly witR rails ‘ijins. wide, and 
carriages Oft. wide, tlie minininm ch'aranee must therefore 
lie 4ft. :-hns. on. a straiglit road. • • 

To allow *\ Ilian to stand In'tween a structure and. an 
open carriage door, •the cl(%iraiice should be about 4»ft. bins. 

On curve s, t-learances ^li4>ul(l be incfcasrd to aUow hrr • 
the r)v?rllirow of vehicles, anrl.llu^ ewetra overhaiiff on the 
insi(^c of till* curves, duetto sujitJ-^levation# ^ee (sHiaptt*r IX. 


lUw. 


« 

Absolute miniinurn clearance toi * 

^ structures above pjfibfoni)- * ^ 

height, on passenger linos... 1% iV 

’ Desirable ditto. ...15" 0" to rt)' 


Minimum clearance to struc-’; 
turcs in Goods Yards, suebj 
as to side.s of Wnrehouse| 
doorways ■ 


Desirable 


...<4' 6" to r 0" 


On curves add to above thei • 

^ versed sine on a cBord of . . j 40 ft. 

'to the inside of curves add tfie 

super-elevation multiplied • ' 

by f at 

* • 

Add for oscillation on curves ... 1" 


Otho^ clearances arc dealt 'with under “ Strnctui;j's. * 




<3lUPTEn 11. _____ _ 

Headway. 

The dear tjcighf from tail Ivisd, iU\, t(>p of rail, to the^ 

undcr8)(ie of ti^siruciur%] oorr fht'^radv. (. 

J ' ' » A 


i 1 «- 

r 

1; 

IL 

1 

Usual. * 

• 

t Rly. 

■ " "V ■ “ ' 

Absolute Minimurli 

%*'-■- ■ - 

IIe?«dway oil 1 

f^. ins. 

i 

, Rtts^^"^nger Lines 

‘ 1 ! 

U f) 


Desirable ditto 

*ditto 1 

1.0 '0 


Absolute Minimum 

1 

Headway *■ in j 

f 

% 

Gj^oods Yards* 

» * 


14 ' 0 

i 

< W 9 ^ 

— ft 

1 , 




Loading Gdlige. 


The outline u'ifh reniurf io a huHC line aennui Ihr top 
of fhe'^rails, hcijond ivlu^'h no*^ pari of a vehicle or its load 
mail lo'ojcct. 

J)itignuns of ^chi* varioim loatlin*: ^uifics Ik \iso on 
lirihsb Railwavs ill ho found in Ihr llailway Yrar Botjh 
(ld2i) and particulM's are usually irichi(h‘(l in the “ Aj)|)rn(lix 
' to Worhin^ Tina* Tables/’ s 

'rhe u^Ucil widVi of llritish f-ioadin ;4 (ranges is 9fi., 
Hioutrh four ra'ilways have a width of 9ft. dins., and the 
<1.\V.R.. width is 9tt.. 8ins. for certain lines. widths 

decrease .at fch • lGW(*r y)art • 

t 

J^higlisli Loading Oauge hoiglii^ above rail level vary 
froiy ddfl. Oins. (three railjvtfysj to Ldft. ((LE.R.). ’^'he 

ladght is less on Sec^ttish Railways, the lowest being 
l’2ft. Otitis, on' tile ^lighlaiid Raifway^ 

. 'rhe “Berne tjaugti “ has been generally adopted on 
the S'ontinent of Europe. Its* height is 14ft. OJki., a'nd 
width .10ft. 2ins. 
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MISCELLANEOUS. 


Structure or donstpction* Gauge. * * 

^ Thr ffuiliric u'ith 4Titf)(^c{ to hanc line^ficrosa the top 
of Ihr, idifH, withif^ which port a siruckure or object 
of l^ind nuuj cncma^'h. \ 


■ ■ “ ■ 

^ Usual. ; 

• • 


' 


i 


^largin or clearsinco betweei^ 

• 


Loading and Structure 



• • Gauges: — • 



At top 

9“ 


• • 



At side, above ^set off” for:' . • j 


plairfonn 

2' i" to .2' 7" 

: • 

« 

■ 

At side, below “ set off ” for 

r 


• idatforni 

• 



Height of bottom lineof sk'uc- 

m 

• 

ture ?iaugo above rail 

9 

fiW* 



I 

' r- 


* Klectric^ conductor rail« and water trougha arepjgeiierally |xcepted. 

STRUCTURES. . 



irAen the has no^¥erh^l^- 





CFTAPTEa II. 




,PasBengei<llflatfoFiicfi. (Fig. Ii.^1)- 
Height (H on Fig. of Plat-* 

foriA above rail, measured at, 

* right* angles to a line across 
thr tops of the twj rails of I 
the tiitck*... • ,...! • 3' 0" 

t 1 f , 


CleliLaiice * C Fig. I I.-l ) from'outer 
edge of rail, to nore of platform 
coping, on straight road 2^ * 1 " 

t « * 

Ditto on curves, add to V " + ^ 

S.. the versed sine on a chord of... 40' 0" 

, (yhis clearance measiired 

to a line at right angles to the ; 

^ surfvLce of the track rails.) j 


Overhang of coping from w'all face l' 0"* 

' i 

Cross fall, away from track, of 

coping .* I in 72 

Ditto of pV. t/orrn behind coping | I in 36 

•Nearest distarfce of pillars, etc., 

from edge of platform 6^ O' * 

^JVidtKof phitfosni, small stations 6' 0"* 

f’ 

Do.» , Do. large Do. "" 12' 0"* 

^nclinatibn of rapiped ends 1 in 8^* 



♦ B. of T. Requirements. 


t Usual about 1 ft. 11 iiis.^ 


When a line at a platform changes directly from the 
straight to m sharp ‘curve, tl^e txtra clearance necessary to 
the curved portioiV, should be obtaihed by moving the wall 
line gradually away from tlu? rail on the. straight. Care will 
be necessary to get nn “eyeable'’ line on the coping ^‘ind 
still retain the correct alignment of the rails. A tensition 
curve on the rails avoids this diflicolty. 

14 







Goods and Minc|w.l Loading 


• Stages. ^ 


Height al)ove Rail of : — 

* 

Stage for* loading *and un- 

1 

loacling geneilil goods . . . 

^ .3' ()'' 

Cattle Stage i 

•3' C" , 1 

^ Horse Stage ^ j 

• -V ()" : 

Stage for loading high side' 

^ 8' 0" 

wagons w’ith minerals etc.! 

• i-o 

•• from carlis* by tipping 

9' 6" 

Stage for coaling Jjoco’s 

5' 0” ■ 

The Side clearances from rail 


are usually made 1 incli inorci 

- ’ 

than as? required lor passenger 

i 

platforms. t ^ 

*i 

Carriage Loading Docks. 


F4> r * transt v r r i u r/ roa d 


vehicles to and front r(u.lway\ 

1 

storl,' ov^r the end of thelattA\\ 

1 

• 

Height above rail 

; . 4' 0" 

Cfirt Weighing Machines. 


LengWi of tablo 

14' 0''i20*. 0" 

• Width of table 

; H' 0"| 

Tonnage 

lotoiLs ! ‘2^),tuns; 

Wagon Weighing Machines. 

, 1 
i 

Ijength of faido 

1. u: 0" 

Tonnage f 1 



Distiinco apart of Weighing 
and “ Dead ” Eaift 

^ater *Col^mn or Water 
Crane. 

Space required wheu«coluniiii 

• is between tracks j 

* Distance from rail to oentft* 

of column, when column 
is to outside of tracks 
Distance of Water Oolunniji 
behind signal of line on 
^ which engine takes water; 


* For tload Motor Vehicles. 






CHAPTER II. 


WaW Troughs. h * f . 

Height ol rim aboVe rail**.. • t 3" 
HeiglA of water above rail,,. 2*' ' 

^ Gradient of track towards 

of troughs ....t: : 1 in SOO 

Gradient? of* tij^iugh at ends 1 in« 192 
• • 

Engitfb Turntables. ! ' * . 

Present standard /diameter 65' 0" 
*Other diameters of tables 


Space between rim of table ^ ^ I 

V, and an adjacent track* ...= 9' 0 i 

* ’ i 

W'agon Tui*niables. I ^ i . ! 

I PresQiit standard diameter! 13' 0" 

Either diameters* in use j ‘ 

« , 

Engine Pits. . j ' 

WkVih between side walls...! 3' 9'' 

Dcptli of Pit licjor below rail: . 

level. “Tijside'' i^it ’2' 2" to 2' 5"j i 

^ J^eifiih of Pit dloor below rail * ' i I 

level. *CVutside” pit ...3' (rto3^ 3") 

' j ! 

Carriage Pits. i | 

Width between si^e walls... j 3' 9" ; 

‘Deptli of pit floor below rail'; * i 

levbl. ^Steam Stock '2' (rto3' 0'’i 

Deptli of pit floor Vjelow rail i 

level.' Electric Stock ...* 3' 4" ! 

' I *■ V 

Overbridges. * . 

Minimum clear span or| *- ! 

opening for single line ^,..i 13' 8" t \ 

Desirable clear span ' orj 

opening for single line ...L 15' 6" * 


t All tracks approaching a turntable should be laid straight for a length 
adjacent to the table^ equal to the diameter of the table. This 
r straight fhust be in line with the table raijs when turned t^wardi^ it. 

t V ‘6" clearance ; should not be used op new work. 

2* clearance. 
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MigOBLLANEOflTS. 

*■ -- - - 


, t ■■■t; 

ITsuaL ^ 

V By- 

■ i! »• 

■ r ? 

*■ 

Ov^pbridg es— roM . 

i t - 

MiuiimiA <ploar span or 

^ i 

• 1 

oi»enm3 for double lino ...: 

21' 10" t : 

Desivsj.ble cletr:’ siJiiii oi j ^ | f 

opening for flouble lino ...j 

‘2f>' 0" j . ; 


^ Mininirnn clear sptln. or' ^ | 

opening for four lines* i 

with one 10 0" space ...i 

-H' 2"? ; 

" I)esiral)le ^cflear span or 

i 

opening for four lines 


\fith one 10" 6" space ... 

rj‘i' fi" • 1 

Minitnuin heiJdwav p 

ft" * 


Pos<ra])le lieadwav 

•Ip' 0" 


Widtli between parapets, 

* ^ 

f 


Turnpike road | 

3r»' ()■' : 


* \Vi(^tli between parapets,! 



* Public carriage road 

25' 0" : , 


Width between ])afai>ote, 



Private road 

1^' 0’'il 


^ Height of parapets 

p' p; li 


Undepbrtdles. > 

« 

, V 


•Headway. — Turnpiko road, for 



centre 12 ft, of arch 

16' O'MI 


Public carriage I’oad, foi* 



centre 10 ft. of arch 

. 15'. 0" 11 


Private road, for centre 9 ft. 

• 


of arch 

14' O'^ll . 


Widths of road\vay * 

/ts for 

overbridges !1 


Height offparapets 

4' 6" il 


Desirable width between 



parapets, for singl^ lino... 

1 15' 6" 


Desirable ^idth betweepL 


parapets, for double line. . . 

1 26' 6 ' § 


— ■ - . ■ , • — ■ 

1 . • • 

w 


+ 4^ S'' clearauce ; shoul^not be used ou new ^ork. 

S 5' 1* clearance. * • 

II Minimum under Railway Glauses Consolidation AcIk 1845, 
♦ Bubjeict to objection^by Road* Authorities. 


The bridge openings given ,«are for straight tracks. 
IT 5 ' 2* cleofance. • 
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CHAPTBK Jt 


. . TBACK. ' i • 

Fl:)r definitions qnd . partieiflars *of the varipus track 
, arrangements^^ in whiih points* and oil'>apings are used, 
*^rt*f(*renco should be nfude to.the cfyipters dealing f^ecially 
with lhem7and siniilarly with regard to thi.^ switch and the*, 
.cfossing thelnselves.. * * * 

TlieVcoinponent parif-^ of the trftck, such as rails, 
fastenings, ete. , 'arp* dealt with injC^hapter IJl. 

Flying Junction. 

•1 Jvnefion wherr •ihe Dtni n Jlfxul (tj a Branch lane 
<‘rofiscs the J^p Bfutd of a Main, or vice rrma, overheatr* fo 
(u;oi(] ijifin crosainij nn the JrvcJ 

BurrtkSiring Junclion. ' 

• • « ■ 

•■■Is f^iova, j)vi ichciv^hr branch liar paiixca amlcnicath 

\hc main * - 

Lco^ 

.'1 irach coitnrcivd at both cn^A fn ific Aame main rr^fd, 
n'liich, is nsec! io r(^ivvc. Ta)Ops mn\ be classified as 
Passengel’ l^iinning lidops. (loods Running Loops, and 
Ih'fuge Jioops. (hlvL, l^nt not •Passenger Loops* must bo 
])r(A'ide(]i.wil]i S.a^v-ty Points, see below. , 

* ^iare for*{i^nain road signal VH'tv/(*eu tlu* main and tjie 
loop, must be provided at the exit of the loop. In soine 
ca'^es space mav also b(« required for a walc'r column. 

* t 

Refuge, Lay-by, Pass^by, cr Relief Siding. 

si^iiKj^fnr ^hc recepiion of irains, usually gno(h% 
. nhilsf other f rains paax by n?i the tjiain line. 

The length of such sidings is determined by the 
maVdmimi nintiber of wagons in any train using the line, 
plus engine or engides and brake van. 

Clutch or Runaway Points. ^ * 

Trailing sirilchcs inserted in a main road to Jcrail 
vehicles a(ScidPntiilhj running fbach on an incline. St'c 
“Gradients.’’ «■ ^ k 

Safety or Trap Points and l^idings. iSee Chapter XXIII. 

^Except in certain cases as may be i^eqaired by the Ministry of 
Trit’ijsport. • 
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MISCELLAMSOOS. 


RLECTJ^IFIED. TBACK. 

• « 


— — • a 0 ; — 

■ 1 

Usual .*» .,1 

* ; : 

I) 

Gauge ineastired between centre of : 


jr. 

horizontal contact sfirface of <jpn-' 


1 

ductor,* positive, third, or live rail,. 

r 

• ** I 

-and gauge line oJ neai'ast rail of;^ 

K. 

ins. ! 

track 

Y/3rtical heiglit^' of contact surface^ 
above plane of top of running, 

1 

4 . \ 

j 

i 

rails* — ^ '■ 



(a) For top Contact rails*.. ! 

0 

•3 

(b) „ under „ 

• # 1 

■0 

- 

Overhead Clearuncos : * i 



•J^etw^en unde^psicle of live wire and! 



teading gauge: -- ; 


« 

• (a) In the open ^ 

;} 

0 

(b) Through tunnels & bridges* 

' «. 

0 

10 ; 

1h)t\vnen any part of a* struct ije » 

^ fl 


and IV live wire. i 

« i 

0 

6., ■ 

i 


lU'KFKlJ STOPS, J:;T(’. 

Buffer Stop or Buffer Bjock. ' • , ^ 

.4 atrucliin: tlr.'iiijtu ti to vrJtirU'H, the buffer^ 

plungers oj trJiich coniurt ivitk it. » ^ 





^^hefi% dimensions, and olhers,'are as recommended for adoptioi? by 
the Advisory Committee np^n the Electrification of Kailways, in their 
Report to the {linistry of Transport, dated Juno 30, 1921. \ 
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CHAPTBJl II 


Stop Block. 

A fixed block In stOj: vehirlcs Jbij contact with their 
wheels. - ^ • 

;■ ^ ft. ins. 

Height . above 'iriil 1 O ' 

JSTkotoh Block. 

A pivoted or hinged block ivhich can he phwed across 
a rail to prevenf vehicles passing (i certain point. 

‘ , ft. ins. 

0 0 

C’k‘araiiC(‘ froin'^rail open ... 12 1 

Sketch, or Skid. 

(t i. I 

.1 loose block as ahoru'. The IFanr^ Shunting' Skid is 
desij?>('d for stoppim^ wa^^ons in ^gravitation yard.s, etc. See 
“ E iilwiiy ” April 22nd, 1021. 

San^ Dra^. ’ ^ 

A dreice for providing a layer of sand on the' h\o of a> 
rail, so that vehicles icill he more^or less gradually hronyht 
io a stand. Th(‘St' aru, soniktiines provirlial in ponneeiion 
with Runaway Roinis when* break-aways art' frequent. A 
short S}v>i(l Drag ».)?; , a bank of sand is sonu'tinies used 
instojid a Buffer Sto]/; it has bei-n ffuind effective, and 
Je>^^Si‘aajaginj|‘ 1/) rolling sloek. S(‘e 'Railway Gazette/* 
Oclob( r loth, 1020. 

W I • 

Deraller. 

• 

block whirl) may be moved on Io the rail by a lever 
' irorked by the sighulman, so tha) rdiirles will J)e demiJrd 
.. if atfcmptinr) to pufjs wilhoai aulhorily. Set' Cha])ler 
' XXlll. 

Chain Drag!' ' ’ ^ • 

A device by which a hook atiiichvd to a heavy chain is 
arranged to catch the axle of a moving wagon and so luring 
it'^to a stand. First used a.tEdge Hill (L. k X". \V. R,), 

' MIGl^\LlilNG AlillAXGIilM KNTS. 

General Notes. * * 

% The designer of a lay-out should be conversant with 
the primary signalling requirements, ^so that the tlccessary 
spaces between tracks to rec^uve*' signal posts, and also 

120 ' ' 




M1SCSLI.ANB0US. 


suitable ]en"t|is at points for locking bars, etc,, may be 
providejl. A few ikjIi^s foj: guidiince will bt‘ given, ^ but 
cRnsultatiou with ^ the Signalling Demirtnient,, will always 
bo necessary. .* \ 0 ^ ' 

• t j • • . 

As a geni'fal ,rul(\ signals sliould be placed adjacoflt to 
the road whiOh th(»v ri'fer, and on the etigiiie dviver’s left/ 
hand sidt* as he appr*'aelfes them.,^ 

Pn approaching any Jijock Post^ i,c.!*area Worked from 
iii Signal Jiox, tin* first St(;]» Signal for thi‘ main n)ad is 
re(]i]ired as soon as an> olhei* track conmiences to ^oiii it. 

d’his is ii(;n/iall\ the Home Signal. It may/ if 
nect'ssary, be p]ae(*fl at tlu* fouling ptant of the two roads, 
whieli is Uikt'ii where Aiey art* (Jft. apart. Tsually a safety 
margin is allow I'd, •■,ind tlu* Mgiiid ])laeed sUy. liOfl. byjforo 
lht^ fouling iHtinl. ^ 

Of , f ' 

'riie next signal, in a simpj** ?irrangt‘iiient, will be the 
Starting Signal, often placed an (*ngine jrnglh pas-, the .liJ'id 
vf a st;^ti(^n j)latfofm. Ollu*!* signals winch may be rec|uin;d 
ari\ ,tlu* Inner and Outer Homes and the Advatjced Starting, 
the latter being placed a frain* Icngtji l)(‘yond the last* set 
•of points. ^ / 

•riie l)ist;int Signal, pbici*!! at^varir^us distances np to 
1, ()()() vardsd'rom llu^box, will seldom tu'ecffSja cial f?rranjgv'- 
mopts ff;r its reeej)tion ‘‘ 

Kach track joining a main must have a'" signs; 1 to conirbi 
ti'.iins pjisspig on to tlie main. Whom tlu* jcnjiing liiu* is 
TK.t ;i msiiii or jiassenger line, a (Irounrl or Disc Signal inay 
he used for this pur[)ost', nlunigh Siilingjjtaind (ioc^ds Ijoop 
('xils are offi*n provided with ordinsiry signsd.*. of a small 

*For the spaces required for various sigmas,, see uiu-lvr 
■“Space's.' Special spsici’S need not b('^ ]>rovidevl for Disc 
Signals as they an? so instructed as to be clear when 
placed in a lift, space. 

• 

Facing Points. 

Poinifi on running roads udii^'h are use^ to divert trains 
travdling in iheir normal direction. ^ ^ 

'file Tioard of Trade Eules provide that Facing Points 
must be avoij^ed wlierever possible, and be placed os nuar 
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CHAPTER 11. 


» ' I 

as practicable to the levers workings tbeir, thu limiting 
flistaiice being 2CK) yarrlo, thongli f-WK) yards is sanctioned 
for 'power w'orked nornts, .vrd 2r)0 vj rcls under certain 
conditions, lor inam/til worked points. 

Where Facing Points occur, a signal is needed with 
arms for each direction. By J^oard of Trade Rules a locking 
bar or Vrack circuit, at '7east equal in length t<i the longest 
distance hotweeTO cenWs of wheels ‘of any ycdiicle on the 
line, .*nust be provided. The signal in s»ich cas(‘s must ne 
placed so as to stop a train clear of thc' bar. If a crossover 
occurs just before reaching the facing points, the signal will 
generally be fixed at ilii‘ comniencciuent of tlu‘ crossoviT. 

k minimimi distance b(‘t\veen facing and trailing points 
should net be cnoroaclied upon in order that tie* standard 
lofckin^ hiii -may be "Ifxed (*lear of the switclu's. 'I'his 
distance should allow for a' stock k'ugth of rail Indw'een the 
st'oUv rail jf)ints. Locking bars may be liried on switches 
but this should be avoided where vi‘r ]K)ssible. 


' » 


,1 

Rly. 

t* ' 



Length of fod-kiug bar , 

-tit. ins. 


40 0 

• 

M . ‘ ' 

'Minimum distance between facinj.i 



and trailing points 1 

[f yj 

45 6 ' 



Trailing , Points. 


V Pnlnis uc: runninij lines other than Facing Points. * The 
Board of I’rade Jiinit of distance from tlie levers is JlOO 
yards, including points of Safety.-Traps to Goods Sidings. 

I ' 

Ground Points. 

PoinY8,n))t worked froni Signal Cabin or Lever Frame, 
and therefore rtot situated on the running lines or giving 
access thereto. Such poiMs are w'orked by a Ground Point 
Lever, alko known as a Pland or Dqmmy Lever. Ac(j^irding 
to their mechanism, the levoi;s may be designated as 
Ttt»nbler Levers or Spriftg Levers. , 
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MISCBLLANIiOUS. 


Ground Frame. 

A frame of point ami signal le'^efs with no signatmcui in 
regular aft(^i(lance^ ^ Those arcjlisod to;work points 

arict whioh nvo In'yon*] tho Bouyd of Tride distance- 

from ii ISfgnal Hox. 


GKADIKNTS AXI'3 VEimCAL MEASUKKMEXTS. 

Djituin. ' s „ ’ 

.1 level line (W level plane io which all heights nr depths 
under ronsiderafioti arc referred. ' 

JiOvols in Ih'itiiin are nsiujlly .t;ivi ii in lV*v'1 and dooiinals 
above Ordmanco Daluni (O.Dj. Thus, if iwo spots are 
inarl\i‘tl on a plan a? 298- .)4 and Ihe iaU.i'r spot^'Jvill 

be r2-()8ft..f or I ‘2ft. lin. below Iht' NrunT. 


Greulient. ^ 

Thl' rale at trliirh the t<nrf(n-e t)j a niihrai/ nr road 
ascejids or desrends in its hmit'j- * 

• Tn British rail\\a\ ja-aotiee, a f^radieiil of t iVi InO, 
inear» tliai there is a difl'erence in ilu*. le,el of the railwav 
of one unit in a horizontal distance or JoO of tlic' same, units , 
as for exainpJe J foolMii loO feel. ’ 

In some, f;tln’r ecaintru’s the graditait 's refi-rn'd T'j :"s 
so nuich per cent , (»r soinotinies as so many feet per mile. 

'J'he importance of avoidin';; st?i'ep gradients is evident, 
<‘sjiecial]y wVn we reniemoer that in ni.diinp the.asci'iit, 
llu' fraction of the wei^dit of the train ^yhich is'aJd(ul to the 
resistance the en^int' has To overcome is the sajne as the 
rate r;f tho fjradient. j, 

b 

The resistance to be overcome on tlu= levtd varies, l)ut\ 
if wo take it for example, vis 12 lbs. per ton, or of the! 
train ^Veigbl, we see that a gradient of 1 in 187 will doubli; . 
tho piriling force required. ’ 

It has been assumccj thdt twhen a Irain^ ikscending a 
gradient steeper than 1 ih 2(i0 is brought tt) a stand, there 
is a danger of it running'' bacX. Hence the J3oard of 
Trade Rule that no station shall be constructed *or sidinj 
join a pas^fcuger line on^a gradient ah'cper than this, unless 
it is unavoidably necessary'. Where this cannot be avoided. 



CHAPTER II. 

■ f ' ■ ■’ 

a ,ciifcch siding or points must be j)ro\i«]t‘d, at a distance 
greater- than' the longest i train Jen of any train standing 
with its engine ontsiy,e of the^ljonie stgnj^l. 

Gravitation Gradient. 

, In M irshalling tand Sorting Yards, and sonieliines in 
othi'r cast's, such as in Shunting X.‘c*k^' or K^■cepti^al Sidings 
feeding‘'^a Cioods Yard, '' wagons an* dt'sin'd co move hy 
gravity on the - bralo.'s being, released, The ne(*e>;sar\ 
(Jrttrlifni is a matter for can'ful (*(nisid('rali‘'»n 
ill each case. Factors to he taken into account are the. 
length (d the gradii-Ui. tlu' point t)ie ^^^Mgons must reach, 
tile type of axle box('s, the prevailing winds, idc. Usually, 
wagons of all kinds will run ini a giudient of 1 in 10(t on a 
straight road wjlhout aecjiiiring too gfj ai a ^pi-ed 

s' I 

f)n fairves. ike gradient must be >tei‘per te allow for 
the reH<istanc('s of the cOi'xes (si-e behiw 

Wliere wag('iis are pushed (»ver a “ Hump ” or “ Kij) 
thV' 'same remarks 'applx . w* 

Tilt' vertical curves (sec below’), should gi-neralK be 
slioi't at the top of gravitation 'gradients, and Jong at tlu* 
bottom, SO that wagoiis may start quickly and come to rest 
slowly. , 

At the tnp' c)f a li'iiitif), a short stretch of N'\el track 
i‘, 'Te^omclimcH pyoxided. to receive th* ‘engine aftiT the last 
wagon is released 

Compensation on Gradients for Curvature. 

Jt reijuin's more ffa'ct' to pull a train on a curve than 
on the straight, jfrid when planning n« \v railways it is usual 
to cntDpcntiilif' c}ra<Hcuifi far curval urr . 

Tins'* broadly, means that the gradient is reduced where 
chrves occur .ipon it so that the ('ngiiie j)pll reipiircd xvill 
bo the same on tll^* curve as on the straight. 

Tn America the practice is 'to reduce thi' gradii;nt liy 
•08 to -On for i*ach degree of the curve, but in this country 
there is little opportunity for such refinonu'nt. 

Tn componsfiliori profc loins, ^^it wall be advisable to 
transpose the V^urvo and Cjra<lient into the American 
methods of measurement. ‘‘‘The Degree of the curve may lie 
attained "as shown in Chapter IX. pr from Tahk' 11,. The 
gradient is expressed ns so much per cent., thus: — 1 in 8<> 
Wwld be l(X)‘r80--l-25<^,. 



' MISCELLANEOUS. 

Jn gravitation yards, cs»mpt‘r;sfition must be allowc^d 
f<jr curves fti a roAjcfse nmnyer, that the p',T^entage of 
cojopensatioii must be added . to th| ruling) gravitation* 
gradic'ui (expre.ised as a fuTceiifage) for the straight roads. 

At ^l.ostock Sidings (L. Si N. \V. li.), the gradients are* 

1 ill 100 on the straigiit, and 1 in on the 10 Chai^, curvt‘. * 

' 0 A » 

VfiFtical Curve or Transition^ Gradients 



a'l curie in //jr t'ciiical iilune lo r/'tulcr tJtc cha"jc 
h\firet‘n fit'o (intdioiiit tjrndiiuL 

Scientific inelliods ot di 'ennining such transition • 
gradients haVe been f)ropos(‘d. but ir/'practioe it is .usually 
sulhcieiit to round riff tlu* angle formed by lhi‘ intersecting 
gradient lines willi a circular curve. \ Tne following method 
.of procr'dureMnay bet adopted, which lu)we\(;r anticipate’ 
seve;*al rul(‘s given in later chajiters. 

Th-ferring- to Figs. II. — 2 and 3: — 

Jsf. ?,Iark off tlie interseeiion point li of the two 
gradu'jils I in Af and 1 hi 

2ud. CFioose the (U'plh V which ma\ be conveniently 
rouruled off, and mark poiiu K. 

3i'd. (Jbtain the angle 1 in S, which is the sum of 
auglen I in AI and I in N. 

S=--- rr— V- i.or Rule XJl.— 24. 

4tli. Olitaiu distances J)^from int(*i>'4.‘Ctioii point B to 
ends of vertic;.} cufvej A and C. j 

D = 2V X 28 (Approx.) 
orD = 4xVx8 Rule II,— 1. 


When both gradients fall in the same direction, the flatter gradient 
being 1 in M, ^*“hen S = M x N + (M - N). When the flatter 
gradient becomes level, S « N« 
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crjAPTER ri. ^ , 

Intcrmofliatc points in 'Jio “V^urvc nuiy bi* set ^by 
quartering' 'thus :— firing orcirtght a )hie ^ 7^* and at its. 
centre set t'ne points F at \ of V above the line. SiT,nilarly 
fix^oint'G. 

Otherwise may fix pegs at. /I F B G and C, all at the 
gra(li(‘iK line, and state that the rails must -be })e]t)W 
peg 7j and i V' b'^low' pegs F and <i.^ 

T'his applies where tlh' gradients form a suininii ” as 
iu l^ig. 2. Where lh(\y form a “sag” as in Fig. .'h the 
w'drds “ above ” and below',” in the explanation, must be 
reversed. 

.1 T 1 



Example. — A gradient of 1 in f)0 mc'C'ts a gradient of 1 
in 100 at a summit. An uiiaerbridge at the suininii will 
allow rhe “ peak ” to be lowered bins.; it is re^quired to set 
6 ptrinls in tiH-j vertical curve. 

^ 1st. o_ ‘5Q X 1^0 
50 4-"l00 
r)O(K) 

. "ISO 



2nd. D-d x0"x3ai 

-oer 

3ri.-»At (ibft. Bins, cn either side of the peak 7^, set 
peg.s .1 and C on the gradient line. At the peak 
set a peg runs', below gradient level, and 33ft. 
4ins. on either side of.ihe peak set pegi" i of 
Gina. ^IJins., below’ gradient line. 

^^uper-elevation. See Chapfer IX. 
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MISCEIitANEOUS. 


UOLIJNs^ STOCK, 

A knowledge 6f certain diniensi?^n^^ of tiie vehicles ' 

lining the tracks is. often necessary to the permanent way 

worker. Below are given definitions and dimtiiisions which 

will be found usidiil : — 

Total Wtikki. B\sk ... J/ength be'tvveeu centre of first 

and last whi^els of i\ vehicie. 

.Ri(iii) Wjjkkl }3asf ... r.(*ngth betvveen eentn'S of the 

first and last wheels of a set 
■*" whieh are fixevl with their nixlos 
^ at right angles to a rigid fraivie. 

JhxiiK 'riM't'K A IVanie with four or. six wheels 

wliieli./is pivottal in the centre by 
a “King BoR “ the ma'n 
frame of a v>‘liiele, so that it 
n' ed not lie in the sanu* line as 
the main frhme in taking eurvos. 
'I’he Bogie; in addition to the 
pivotal nlro\einent, has soine- 
4- times a lat(‘ral nu/vement oodily 

Pony riircK SoiiK^tiines called a twr)-wh(‘eloi] 

truck. A frame with two wheels 
which is pivoted at the end' of ?1 
bar, the pivotal point not lying 
' on thi* axh* lin»*. 

Ck-vtkks of Bouiks ... Length between centr*»s of two 
, ' ^ bogie trucks of a vc*Mcle 

Radial Axlk B('>xks ... Axle boxes which allow the ends 

of an axle to move so that it 
ne(‘d not lie at right angles to 
the frame wdien on a curved road. 

Head STOCK The iftcinber ac’-oss tfhe end of 

the froriie of a vehicle, which 
receives the longitudinal framing 
and "‘sole-bars,'" and which 
lakes the “ BuflFing and 33raw 
Ocar." 
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CHAPTER rr. 


'■ 1 

Locol. 

(ptoam). 

1 (ti^am). 

■— V 1 

Coaching! 

Stock 1 < 

{Elertric).' ! 


X' 

rwual' 

Usual 


Usual, ' Usual j i 

^ ' 

r 

Length to' be ^allg^wed 
in computing standing 
room 

. ‘i’. 

t 

n in. ^'111 

60 b 

. j 

1 , 

It iti. ft. in 

37- O"' 

<i whe'l 

61 0 

Uogie 

1 i ■ ■ ' 

tt\ in. ft. in.'ft.in.. 

' i ' 

! 1 ' 

0.5 0 ! o' .i 

Mil 

: 1 i, i 

Height of floor above 
rail level (unloaded).. 

4 1 

1 

1 4* 3 

0 

< 



Heigh 1 / of centre of 
buyers f^bove rail level 
(unloaded) 

a 'o! 

3 .0 


: ■■! : I 

8 6; 35 i i 


WkV.I*, centre to centre.' 

of buffei'H I 

1 

Size of buffer face (dia.| 
or oval) I 


I 1 M ill 

( 0 tthe’l I 

I 1 !18'\X i 

r r! : 12- 


18- X O' 12 
12 - 


Di^ meter of wheels^ on I ‘ | 

tread (when new/ Varyj ,3 6 3 6 j 8 1, 

Distance back to back | | 

of tyres 4 4 5^ 4 OJ 4^ 5^‘ 

. * I 

, Width overall of tyre... 0 51 0 ? 0 5 0 5 

. « 
Depth of flange from 
centre of tr^ad (when 
new) 0 14 0 1^5 0 


Dtpth of flange frouJ 
centre of tread (when' 
worn) 


0 14 jO 1^5 0 I A O'lAj 

! *■' I 

I j 

PU\ 'o I3O 0 01 3V 


Inclination of -tyre tread I 

with the horiz(l.^tal ». 1 in 1 1 in 1 in 1 in 
^ 20 « !30 20 20 


Oyier notet concerning Rolling Stock are included in Chapter IX- 
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. CHAPTER II (.—COMPONENT PARTS. 

— 1 " ■ ■■■ 

- “ * ' • 

CHAPTER 1)1. 

'» 

DIMENSIONS' OF (^OMJ'ONENT PAETSyOf 
FKHMANENT \VAV.-> * * 

Thi.s (■ha])tor intciidjd ‘ for rolVroiico as lO Uio 
particulai's of the (•oni])onent ])arts of tl'U‘ lrju*k. The Switch 
and the ('l■os^in" will not he inc'lnded. (liese l)ein^^ dealt 
with sep^irately in ulncr 

'I’he wsual dimensions arlopt(*d are ^e‘‘\»n wheve possible, 
blank ^])a(*t‘s hein*.^ provi<h'd so f)\al' diuioiisions ol)t!uninfT 
injhe ]'a|tieulMr jn'aO i'-e llie r<>ad(0' i> concernedi witli lyay 
^)e inHt'i'U'd When tin* information is tlui.s i-omplettMl, it 
w iir enable a selecdion to be nnule fi’mii the available \'ails. 
chairs, etc., sucli as uill most elViciently and econ unically 
fulfil various purjujses. It will also f(; m a ^iiide to the 
s])aces reqwiiaal in fimboring, chairing, et^*. 



Usual. 

K- 

EARTHWOEKS. '*• 

■ 


Width of cutting at 2 ' O'' below 

1 ‘ 1 


rail le^el for two mam lines 


of way with 6 ft. si)ace 

30' 0" » ! 

Width of emlJankment at 2 ' 0 " 


below rail level for tw-) main 


dines of way, with 6 ft. space 

30' 0" 

Inclination of slopes foi 

1 

ordinary ground 

li to 1 .. i 

Depth of formation at centre, 


below rail level 

2' O" 

Depth of formation at side, 


' '^eWv rail level 

2' 6" 

Depth of formation required for 


crossing* timbers 

2', 3" 

1 


1 1 
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CHAPTER HI. 


— ^ ^ 

1 . 7 ; 

j 

1' iTlRual. 

R>. 

■ ’ 1 

BALLAST." ' , 


1 

'Bottom bailast, thickness i 

0' 9" 


Bottom halkisfcs \vcfltli for one. 

1 . 
i 

line ‘ * 

n' 0 " 

1 1 

Bottom ballast, cubic yards re-i 



quired per lineal yard oij 

1 


sin file track : 

•!}2 

I 


Top*- ))alla8t, level of surface . . .1 

» II , : 

Top of sieei)er 


Top ballast/distance of to;) edge! 



from .iTail ' 

•‘.1 i 

3' 3" 


Top ballast, cubic yards required; 



f})or lineal yard of sinj^lel ' 


track (deducting sleepers)... 

1-11 


' DRAINS. 



Distance of centre of ])ipe side 



drain from rafl" where width; 


allows ! 

5' 0" 


■ 

Depth cf invert of pipe sidej 

> 


drain b&ow rail, where 



gradient of drain may be 



made same as that of railway 

3' 9" 


Distance apart of c^jitch pits .... 

50 yards ^ 


* This allows of cleaning by-rods. 

1 

. 


1 

rnside size gf catch ^pits 

S' X 2' 

1 

■ » 

SLBBPidJ’BS. 



Sleepers, ordinary, , size 

19' X 10" X 5" 


Do. joint, ^ Do - 

, ; » ' ' 

i ■ 

19,' X 12" X 5" 

'r 

1 V.- 


• t Some nilways now oleepera 6' 6* loo^ 

iJO 





CftM^ON’ENT PAIITS. 



*lTRuaI. 1 Rv. j 




tjL^EPEHft- -corkinifed. 

• 

Distance apart of joini^SIoepers, 

• 

centre Jio centre ... * ] 

\2' 0" 

Joint sleeper to next •sleeper, 

• • 

centre centre • ... 

'2' 5" 

Between next two sleepers 

2' (Uj"— 2' 7" }. 

Nomial distance apart of sleep- 


•era, centre tp •centre 

2' 2' 9" 1 

Normal number of slee|j®rs to m 


30 ft!! rail •... 

11 to ys 

Normal number of sleepers to a 

• 1 

45 ft? rail 

..17 to 18 

Normal number of aleepert to 

: ^ 

60ft. rail ... ^ | 

23 to 24 1 

iTuinbtftfcof extra sleepers to a 

45 ft. rSils : — i 

• ft. rail on sharp cujv’esj 

2 to 3 i 

Do. Do. in tunnels 

• 2 to 3 

Do. * Do. at waicr : 

• 

• 

• truuf^is 

2 to 

Crossing ^timbers, breadth and 

• . ; 

depth •. 

I V X . 

Cl'ossing timbers, to switches, 

9^ increasing i 

length 

to *10^ i ; 

Grossing timbers, to carry 

. ; 

ground lever, lengtii ■ 

• 12 : 6" 

Crossing timbers, under n^o of, 

• ^ 

crossing in ordinary turnout,} 

• 1 

length •. 1 

. 14' 0" |. 

Cuossing tiinb^’s, to carry two| 

AM 1 

roads with 6 ft. space, length 

20' 

^longitudinal sleei^ers, breadth 


and depth ?. 

1' 6" X 8" 

Longitudinal sleepers, breadth 

• > 

and depth, to receive check 


chairs ... Vj 


#• 

• • 

• 

!■ •! 

• 

• 

• t ; " 



CHAPTER III. 

Principles in Timbering Points and Grossings. 

In tli^e timbfirini^ of nmf .crossing «woi’k the 

" desiderata* 'are as follows: — ■ 

c 

1. No rail bearing must seriously exceed that allowed by 
they normal spacing of sleepers in the plain^line. In 
^Tiffu'ult cas(!s ob Action noerl I'lot usually be taken to 
a rail Wealing of .‘1ft. (centre fa centre of chairs) , nur 
to one of 2ft. fiins. at a- joint. 

. 2 Space should l)e allowed between timbers for packing 

ballast. 

3. Opposite chairs under rails td' the same track should 
rest on the same tindv.v. 

4. All ctiair fa?.tenings should be acM'Cj^sible. 

5. Exceptionally long tind)ers should be avoiclo(l, as they 
' I'mcltto ditlfi('ulty in repairs. 

0. Through clvannels should be allowed where required 
for point rods. ■ 

e 

C’HAIKS. (Figs 111 , 1 to 17.) 

T*'e following table, with the >liagrarns, when ('orn- 
j.loted in ac(^^)t lance with the practice fV)ncerne(l, will show 
the types of chairs. provided, their purposes, and tlie s[>aces 
Occupied by them. 

The dotted outlines ''how the neare^t laissild'-^ positions 
of adjacent, rails to the chairs. Such positions should he 
avoided wdierever -possible, the chairs being selected, arnl 
the alignment arranged, so that all fastenings are accessible. 

Jj---L('nglh of base) of chair, over all. 

B = 'ikcfadtb of base of chair, over a\l. 

U, V, W, X, Y, Z = Widths from gauge line of rail, 
occupied by chairs under various conditions 

F - Flange-way between two rails. 

E = Elevatic:i of cheek xail. 

S = Sprear? between gauge, liue.s of a crossing at the 
centre of the chair. This dimension is dealt with 
in Chapter XU. 

With regard to any particular chair, only those dimen- 
sion's marked upon its diagram need be inserted in the 
tabic. e 
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COMPONENT PARTS. 


Cant .of Rails with the verticai^— ' t 

^ ^ ^ I 'Usual Rly. 

rail.'^ 1 irr20 ... 

8to('k rails anrl sn’tchos 

Crossing legs .- 

Wing lails alongside i-rossing 

('liei'k rails Vertical! ... 
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OOMPONBNT PARTS 









• • • 



For further particulars and jiositioij!? of G-rcwsing Chairs see Chapter XII. * Also used as Diamond No. 1 on« Rly- 





For farther particulars and positioDB of r*iamond Chairs see Chapter XX. ♦When usual chair is for splayed wings. 






CHAPTEU HI. 
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For positions of Swit-ijh Chairs see Chapter XI. For positions of Three-thrQji\' Chaiis see Chapter XYIIl. 



COMPONENT PAHTS., 


(yj\IR Ejjl^TEtTINGS 


A 

1- 


• 

• [ 


Wood. 

Iron 

Screw 

Cbair | 

_• _ ^ 

treeiiair 

apike. 

apike. 

bcrit. 




• 

- i 


Length hver all 

• • 

Diainctejr 

Diameter of hoJe to be drillefl 

in sleeper* , ^ 

■ ■ 


CHAIR ^KYS. 


• •; 

# 

• 

Plain line. 

• 

• • 

df^rossingB. 

Rail Section 

• 

9 _ . . . . 

ii 

lbs. 


lbs. 

• 

Length « 

• 

• 


• 

• 


Thickness thin end, for new 

work 

• 


f 



Thickness thick end, foi^iiewl 
wbrk 1 



• 

• 

thickness t\jin end, for re- 
pairs 

• 

i 

• 

■ 


'JJ^hickness thick end, re- 
pail's ! 

• 





j 

-T • 


1 

! 


• RAM.S. 


leading dirtiensions of Railway Rail •Section#, as 
standardised by the TJiitish .Engineering Standards Asso- 
ciation, aw given *in Tables 49, 50, and 51. ^ 
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grjAPTER III. 

^ j 

' BAIL SHCTfONS IN U.SE. 

J— rr 

( ^ J Date ; Section. 

, ^ I. Ayitroducefljlbs. per j'^d. 

. . ' ' ' r 

licail Section for imporcan^ main lines, < . . | 


Ditto 

socf^ndary , ditto 

Jjitto 

sidings, where ne\V material 


is requi»3d 

Ditto 

tunnels 

Ditto ' 

1 

water troughs 

, Ditto ' . 

.viaducts witn longitudinal 
sleepers 

„ Ditttf 

engine pits 

DiUo 

carriage pits « 

Ditto 

« 

A 

travelling- cranes 

i 

Ditto 

ele'otric positive, third, or 
fiive rail 

Ditto 

electric negative, fourth, or 


return rail 


J^ENGTHS OE RAILS. 
- * 


1 f 


Hail Sections. 




t* 

i. 

Standard length 




c 

Otrher stock lengths 





. Short lengths, for inner rail oif 

e 

*r 




curves ^ 

$ 




Long lengths for crossing 





(^iridges : 






The B.E. Standards Association leoommend the following 
standa'id normal lengths of rails : ^0, 36, 46, or 60 £ 3 et. 
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, CdlSlPONKXT PARTS. 

j. ^ j . — ^ 

The MeasuremeAt of Cross SeQ|;l(»i^or Ralls In yie Road. . 

• Thisi, is often Jel-essary give information os to the 

wear, etc. For a’ Inscription of va^iou.s appliyjFicies for. the 
pu^poste, roferen('<f^n 4 iy be nnMo ^to ii paper by A. E. 
jjangleyiii the “ Permanent Wa\ liistifiition Journal," Tol. 
;]8, parf ir. * ‘ ■ • - 

• 

The m(*tbod of talang reliable eros^-Keetifins^ of the rails 

• is preferable to the cuniBorsome^and (?\'pensive practice of 

weighing tlic rails, provuliTd that notes are made ^.s to 
" chair gall ” aikd indentation by fishplates, etc. . 

• 

RAIL.TOT.VTS AXD FISIE Pf.ATKt^. 

Expansion Spaces. 

^ Kxpan.sinii s^ace.s, depending in amount A^poii tlie 
t(‘ni])tBlitiir(‘ of rails \\’hen being laidT ninst be left af The 
j^iints, s(j that ulu'n the^rail^ expand owing to oxtreinely 
hot wearier, thiu'e ma^v still he a^sriiall space btdween the 
rail ends, sindi as for 30ft. orMnft. rails, and^iin for 

BOft rails. 

^ A rail fre^ th ex])and and eonlraet VM alter 
part of its length with each degree Fniirenheit diffeiaaiee in 
teinporature, thus a 30ft. rail would a1t(‘r Jin. undeS a 
range of •tempera lure of lt)0 degrees. * As there arc praetieal 
considerations, one being that tlie rails are partially* fixed, 
tables •of expansion spaces in use are tiot ipiite hi keeping *■ 
with these figures. A table whielf has been vei-ommendefl* 
ffijr u.se is given below. 

Oil some railways a thermometcT, wliich is inserted 
*into a ])iece of rail, is j)r()vided. This is laid on the ground, 
aiW indicates the temperature and the ex])ansion space to 
be allowed on the particular work in progress. • 

When ra‘ils are hejng laid, iron expansion gauges of the 
correct thickness shoTitd be ];|laced in trie joints, and kept 
in ])osition until the fishplates are bolted up. 

^ • * . • 

In tunnels, where ^the range of temperature is small. 

about one^half of fche uSual expansion space may be allowed., 
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CHAPTER 111. 


Table of Expansion Spaces 

^ f 

« 

of Day. 

t 

r 

^ (^ * ][' Expan6io}\ space. 

Tp.Tnnftrii.tn r A' ' .... 

FahrenheiV^ Uq ft.' 45 ft. 

* Trail. ■; 

liO.ft.i , 
mil. 1 


i ' Xus. ; Ins. 

ins. j 

Hot ^uiiiiuer day witlv^thej * : ' J 


sun shinKig oiiiLlie raili 119'Ho r27 ’ i i« ! jVi 

** '1 t ; ' ' 

1 

s 

i 

?! i ! 

, Spfing or autumn day with! * ‘ ■ 

1 

the sun sinning on, the ! | 

i 

' rail 

97" to 101 ; i 

i I 

Hot sumn^or day, but with- 

t ' 

• ! 

fut sunshine ..., 

75" to 84 ' ; 

"■ : 

• ^ 

Spring or ‘autumn day ])iil 

, ' ! 

i 1 

without sunshine 

* « e 

19 ' to 58 J 

: .V , 

1 

About fredzing point 

^ ;j9',to :j(i A . 

n 

1 1. 

IJ ard 'rrost <*..... 

Krto 19''' u ! A 

^ 1 1 

I ■ 

r- 



A\ 








COMPONENT PARTS. 


Fishplate Diminsions, Bull>H^ad Rails. 


f . 


lbs. 

, • • 

See ins. 

Lcingfcli r \ 

Depth, over a]] * ^ 

Centres of holt holes in plates ... H 

Ditto ditto ... C 

• 

Ditto diilo . .j. 1) 

^>entro,of l)olt hofes in rails U 

•• 

.Ditto ditto ^ ...^,..1^ 

Ditto • ditto Vm 


;Britisli Staiiftard 
t Fishplates, ' 
Report No. 4€( ‘ 

t.lunel019. I 

- — 1 - ” ♦ 

liail Sei*tioii. ^ 
7(1 .V 75 eO to 100 


4A , 

m 

O 

. 

Oil# I 

-Jh I 


71 li 


•Si/e of hole in plates ! 11 . 1 


Ditto 


vails 


L 1 


11)8. 

• • 

ins. 

IH 

m 

4 k 

2 

.J • 

13 

1 *; 

► i 

9 S 


l)itto ditto 

L 


1 :» jl 

i 1 f. ' 1 

Ditto ditto 

M 

.1 

1 ' 

! 

Diameter of drill for hol^j 

i made on 

■ 

1 

I • 

site 9 


. • 

• — 

;• 

Diameter of iishljolt 

!• 

, i 

.1 : 
8 

i .'i 

1 (i 

m 


♦\.ength of hjiihholt, not 

including' 


m • 


liead 


-# 



Total allowanco for expjjnsion ! 


h* 


Ditto ditto 

, V — 

SI ■ 

■V' 

• 

Weight per i)air in lbs. ... 

■ » 

• 

2G^' 

m'i 



* For rails up to1l5 ft. iSug. 
t For rails a^ove 45 ft. long. • 

+ P^xcepting SO lbs wliicb are 2ii)jr Ihs. per pair. 
§ DiUo. ** ditto”. ins. 


9 
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CHAPTER HI. 


Fishplates iDimensionB^ Flat-Bottom Rails. 


^ -yy 

r 

r 

BritishlbtiaDdard j* * 

• 4-hole Bishplates.* ' 
Bepo]rt,^tne, 19P9. « « 

R^il Section. 

25'to 40r 45'to I ’aOto ' 
lbs. 75 Ibs.'lOOlbq, 

' * ,6oe Fit:. 18 

ins. * ; ins. 

ins. i 

Le^th 1 . . . A 

14 ! 16 

f 

18* i i 

i 1 

^ontre of bolt holes inr plates 
and rails B 

f 

3J ’ 4* 

1 ‘ 

. 1 1 

. 4y 1 

Centro of lioles in* plates . . . C 

f 

■ 

H 2, 

2i • 1 

Centre of l;o)es in rails E 

U 11 

1 

9' i 

. 1 

piainettr of fishbolt 

: Ho J ft ij- l« 1 

! - i 1 

' ft to 1 , , ! „ 

1 ' j 


, ♦There are also D-.S, 6'liole Fishplates. 

Tlu‘ iulormatiun in tbe uhpve twd tablo-i is oxtractiMi 
by ponnission tht** British Engincorin^y Standards Asyo- 
ciftioh trom tjigjr Report No. 47, 1919, Cteel Fishplates for 
Hull-head and Flat-bottom Railway Rails; ofliida! copies of 
vvhieh ean be obtaint'd from the Secretary of t!u' Assoeiation, 
28, Victoria Street, XVestminster, S.W. 1. I’ricfe Is. 2d. 
.post free^ e " 


• ' CRANKED 'FISHPLATES. 

(h'anked fTsfi plates are made for connecting worn to 
n(‘w 7’ails, also rails of different secjtions. If the rail heada 
are of different widths, side cranking is necessary, andt'he 
plates must he in pairs of one right and one left hand. 
In.sulated fr.ihp^iates 'are usedt at the extromitie.s of. a track 
circuit. ‘ 


4C) 




I CHAPTER IV. — ^MATIIEMATIfAlj OSCULATION. 



iV. 




• MATHEAIA^^ICAr. CA^.CtTLATIOy. * 

A sirnfilc c^xplaiiMtipn will iiow%(‘ ftirithe- 

inaticiU lvU(^wlrclf»c necrs'^ary to •iiulc^r.sVind tht'* deprivation 
Tiiid cinploynionl of tlj«‘ ruli‘s sc^ forlli in tlio folUjjijiiig 
chapters. The- rxplanatifai *\vill servo to indicate to th»? 
student the rang<i of inathcniatical knowledge recjnircd, and 
at th(3 same tinn* refrt'sh tho mcinorv of those' whose stiulic's 
have' previously cove'redf this ffljbje'ct. ^ 

J'^jlt'meiil aw Murle'iits sheaild suppleifteMii lift' notes by 
llie study of a text l)(»ok on PraCtionl Mathematics,” 
pref('jMi>ly oni' ol‘ a ]r»odei'n type' • . * 

• ARiTiiMF;rir.« 

Signs. ^ ^ ■ 

l) -s0^s read as ” t) phis 0 ” aiij means ” to h adel 0.” 

t)-() is re-ad as “O injiiiis h ”* and ine'ans ‘‘I'rom 0 
di'duct 0.” • • * 

ri'ad aw ” t) multijilied by ().”•, 

t)-:-t) is read as ”0 diviele'd by h” aial also as “0 
uve-r G,” • • 

-■ ,is rc a<l as ‘‘eepials.” • 

is read as “ tlu^re-fore. ’^ 

9=*-| is reaTl as ” 9 over 6 equals !! ov'^r 2 ”*aiul is a 
way of e'xprossiug proporiion. ^ 

9 ; G 3 is vend as ”9 is to f) as 3 is to 2 ” and is 
anotner way of expressing prgporfioi : ^ 

9-2 signilies ” 9 squa^c'd ” and equals 9x9 — 81. 

•^^9 signifies the square root of 9. 

• • 

Brackets thus ( ), mean that quantities within them 

must be taken together, and worked oiil befSrg adding to or 
multiplying by, etc.,«*qji anti ties outside of the brackets, 
thus: — * 

7x(4+f)-2)-7x8=.56. 

8-(44-G-.2) = 8t8 = 0. 

• v/(12 + 7-3)::^Vi6=-“4. 
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CIIAPTEU li’. 


*• 

The lilSit, however,! is ^eDcraily wmtten thus: — 

IP Uil’r 


When tliore fire if') bfackets the <?|t’ratioiis ot rt.^uftring 
aifd extracting squiire roots iiiiist he done first, then tht* 
f mill tip lyi'ng and dividing, and lastly the addition and 
siihtnvd-ion. tlnis — , 


- 7 X 3 -t 30 ‘.-2 

- 21 4- IH 

= 30.. 


Fractions. < 

! , . • 

is a* Vulgjfr hmcliori. Ihr top fi^ire (o) b(?ing the 

2n L iineralor. • and llu* bottom figure (8j, the 
'])enoniiTiat(»r * ^ 

y* and 5 arc* Improper F!‘aetion^, b(*eau>e they are not 
f *Jess than l./h(*ir values being 4.( and 8. TJ>'* latK-r 
e^iimpli* sluming how a whole numbcT may be 
, expressed as a frat^cion.* 

is a traction wlpHi is not in its lowest tornfs, bc'caiise 
t^K' 12 apd tile lb uiil ’* cancel" by dividing 1^\ 
tht‘ " gr(*ateVt /Common measure* " of 12 ancl l(i 
• * whicl^ is 4. It then becomes -li. 

To add or sulitract tractions: bring them all to the saibe 
denominator by tuicTing tla* " lea'-’t common niultipK*," and 
add or subtract the i)4‘w numerabn-s thus: — 


2 3 _ I -J 15 _ 5 

3 • 4 c 6* 12 * “ 12 ~ 4 


« 

'ro linultiply fraction^ : multiply the numerators 
totjethor and rriuilipls the dc'iioininators togeyier, previous* ly 
caiieclling it afiV ni|merator and demoninator will divide hy 
the Slime munher, thus: — 

. . 3 1 * 

U 1‘ ‘ 2 __ 9 

. . 4 ,. ^ 10 ^.7 ~ 28 

■ , 2 ‘ 

'J'o divide one fraction by anbther: invert the divisor 

and proce(‘(\ as in mulliptication, thiis^ — 

€ 

3 ^ 2 ^ p ^ .‘j ^ 9 
■ 5 ■ 3 ' 5-', 2 ' lO 
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To tiiid tho squ|.ri‘ root 
r^ot of numerator, jfml place 
denominator : — 


X 

/ 9 _* 
V is"- 


MATHKMATItAl! CAicULATIOK. 

: a frAclioii : takc*fhe square 
ft-ov^r the square root of 


' 9 - _ V 9 • 

Ts; ^ 4 

Otherwise* t^u* fraction niay be reducf*] to a decimal, afld tin*. 
K(piare nxjt of Ibis fh'cimal extrack'd, orVaken from tables, 
{»s refi'rred lo latiT. * • 


Proportion. ^ ^ 

'lo find tlu‘ “unkrfown ’* of four i)i'oportiona|,s, tin' 
alj^c'braic method sinq)lest.' .r beinjy iinkTMwn/’ the 

proportion may l)e wriUi'n thus; — • * 

'1 * 

• . • ^ 

'i’lu-u, lha( aii\ value take?j ll'oiii a denoiuinaTor 

io.the oth('r sidt' of the e^uat^on must bi' placed in tin* 
mnneralor^aiid rice vema, \\(‘ * 

2 . X 8 J 

3 « 

== .r 

3 

5 i = ir . 

The advantage of tliis nu'thod is lhat? the terms liavo not 
, to be set down iy on<.* ei't-ftiin order, for instiyice tiv? above 
may be written : — 


3 

2 

theft ” 


/8 

X 

8 X 2 


or a? 


- L 6 = 


• * • 

Decimals and Converslonsi • 

T n m ultiplying or dividing lengths by numbers or otJ^T 
l(‘iigtli'3f^hc best general way of working is to convert the 
lengths into the sair^^ unit of nfeasurement, usually to -feet 
ancl (l(*ciinals thereof. # ^ 
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jV __ j _ _ 

till' tilhli's, to ^obtain the sifiiart; of- a number 
containing ^leeiinals : Vut c^wn the square of the nuinl)er 
as if there wore no fUciinaWr. then g'lvl*. it twice llie ninnlw'r 
of (leciinal* places as in the original ri|niiher. 

* 'fo obtain the* square of a nmnber luworfd the*reagh of 
tlie tables: Divide the number by ifi and multiply ,l he square 
of tli;^ result by 4. Arj;^ other lunnoers may be used instead 
of and 4, s^o long as the latt-iT is the square of tlie fornuT, 
such as b) and 1(\). * ^ 

\ 

WIk'u the number is nbt divisible, and exactness is 
4 *eqiiired, we may proceed as follows: — ^ 

lieqiiireii, the square of 18.‘t7. 

1st. J'Vom 'I’able ^ ;mH0 

'■2nd. Adding oih* 0 to the number adds 

* to till* j?rniare. thus 18?W)2 — 83•4H^)^)() 

;h'd (’ailing 1830--- N* tjrke fhe ditf. for 
• 7 from Table 4a, thus, M tim^s N 

tins -10 • •A 2e0l)0 


• • 1837^’- 337 r.)(‘)0 

Square I^oot, thf. use of Tables. 

S0)a(‘e d<'es» not al^ow ba* an (‘xplamiiion of (lif ])rcr'css 
n'd' fxlraetniy ^fhe s<juare r(K»t of a nni-iiber, but'tla* usi- of 
" l'’o\ir Tigiiri' Tabk's ” will be explaijjcd # 

^ r 1 ■ *" * 

• To obtain the square root of a number U-yond the reach 

of the tal)les : J)ivitle thi* number by 4 and n^ultiply the. 
square ro(>t. id tlie result* b\ 2. 

r, • . • * . 

3’o obtaiti tla^ sijuari' root of a n.flmber (•.aitaining' 

decimalsvi-r 

^ • < 

^ Kor eonv^iuii'uce, we will call the foyowing num/H*rs 
odd figures, ’ vi^., numbers with I, 3, or o, etc. inti'gers, 
and fractions with 1, 3, or 5, etc., cii)li(*rs following yii; 
deennal point, thus: — * 

• 17)230, 152-8, 1-523 and -0523 will be “odd.” 

and 152i; 15-23, -1523 ^md -00523 will bo “even.” 

Examples.-« -(A.) Required •k' fs • 23 

• • 

'Hiis is an “even ligiire,” so from the tables take the 
square root of a similar “even figurt',” thus: — 
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v'lS23 =’’39 -826 

« 
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I'LATIOX. 


'I’wo less (Hgits in'llio iiiti'gi'f itfaiis oix' lass its Ilia. root,, 
so:- ** * ' W . 

■ \ V I5“2a r= ,3.*)02f) 

, 

(B.) Roquirecl a f-5‘2.3 

'I’his *js an “ odd ” aiui a similar odd tigiiro 

(l.V2.‘i()) is l)«\oiid tlu' rt'ach <jf lahio-s* so we n\i\\ ^ake? — 

' l;ViV 

and thm‘fore ^ I .033 

Xf'xt look iij) A li.i^TUiniiM r is thi‘ scjuan* of, 

^ itlili- - liVJOSSD 

* , but 12 : 34 - - 15^27.% # , 

Mild \\r M l' i!i;ii tiu lai-rr lunijij'i^i^ ii?ar« »* cur luii‘3, and 
nur r«" .1 will bo I 2'U . . • • 


^ will iu' i^( fill fo n iii'Mishor that: — * - 

Ib'cK of iiumia-rs of liMi .md uTidcr lO.OOn iiavo two 

• inlfccr-^. • • • 

li 'ill's flf lumibcr'^ nf 1 Mild urdci^i(K) liavt* one inri'gcr. 

^Jlools (d‘ nuiubri’s of -ul M^id und-'V i ate dceijfials willi 
)io^ (‘\ pliers follow iiic tile [aa^jt. « 

Hoots of niiinbef-. oj , still uudi r -UT ai'e* Jooimals 

willi one c‘\pher follow inir ibe Jioint^ 

Reciprocals. 

'riio reoi|)roc:d of a number i.s tliT' ri“-ult of dividing 
tli.it number into^l. In (»Kier wortls. iIk» rocjpi'ocaV is the* 
decimal FT’action corr(‘s]K)nding to a Aiilgar fraction wliose 
denominator is the nundx’r and Uui numerator ."thus : — 

• 'riai^ reciprocal of lb is or -OtVir* 

A table of reciprocals snob a-^ d’able 4 is useful: — 

* A.- -In Convertin': vuljar fractions to decimals. 


Example. — 


and 


I 

64,.' 

5 

64 


= 5 X -016625 = 078128 


rt\oiilmg division by q hirgo number, as we may 
insti'ad, mulHply "by tlic reciprocal. ir 
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CHAm^JBR ^[V. , 


C. — (11 obtaininR^ a t-esult when the product of two 
nninbers has to ln'fdLvi(Je(l{)jt their sum or difference 
j. of which a Auiribfc of cases V ccur in thfe subjectf in 
Hand. ^ ^ ^ 

^ To lind the reciprocal of a number contjfining decimals > 
such 12*36: First take the *x^Qciprocal, neglecting the 
deci^nal, thus: — 4 ' * 

*' " H^ciproCi^il of 1230"-(X)()800. 


'Jilifui eneli decimal p]aV*e moved to the It'ft in the nuriilver 
inov(‘s the decimal a place to‘the right in the i-eciprocal, and 
mvice rema, thus: — *' , 


Eeciproeal ^of 12*^0 = *080?/. 

t ■ 

Geijieril Remarfes. t 

'I'be reader, by expcTienco, will soon see what degree 
"of accMirflcV' is required in calculation; for instance, when 
e.alciiljitmg a I^aid of a Turnout, the lengtli to the nearest 
•iiicli will be sufficiently accurate. Tn file case of«^i» cros-iing 
angle, th,* iu*arest \ At ill be near (*noiigli as a result, except 
for •angles of small niimUu*, i^ay under l in 4 ; but if'^thi* 
Nurybc'r of the Crossitig as found, is to l>t‘ used %*'<) tin /1 s/aue ^ 
zither dimension, such as a Padiu‘'. it will be iu‘c(‘ssarv to 
state its Yalu(‘ to«t\\o or three decimal places, Oenef.illy 
it .is^nore important to keep small multipliers and divisors 

* accurate tlnm large ones. ^ 

A rough check should alwa\s be made on a calculation, 

* such as by neglecting decimals or mentally converting 

decimals to fractions. .Such a check will often* lead to the 
discovery that the decimal poiyt has been wrongly placed, 
or some fiicK)r fXrgotttm. • • 


Thbrt? are other sifnplified methods of arithmetical 
W^alculation siich'as the use of Logarithms^ and of the ^ilide 
Eule. Space foi4)ids a detailed explanation of these, but it 
may be stated, that whilst the glide Eule is of little service 
in. the type of calculation required, the use of Logarithms 
• will be found a great advantage wherii much calculating is 
undertaken.^ 

• • . * 

ALGEBRA^AND THE USE. AND CONVERSION 
Of t’ORMUL^.. 

Though it if) intended that m^st- of the in thi» 

book may be put to use by thc^se who. have only a know- 
k^tge of ordinary arithmetic, ,the ddrivationg of the rules 
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* MATHBMAtKXAL gALghuticy . 

ertnnot well be. unde^tood withfiut ©a liirowledg^' of the 
floyicntary operations op A!gebr«^ .Without this knowledge 
the. student *cnnnot exliect tonjake procrossininvoptigationM 
on his^ own account, i»r can lie pcjuL any* but the niost 
rudimentary trt?atisos on {be subject. ^ ** 

Unless the student^ jinderstandsA a’ rule or stateihcuit 
(‘xprossed as*a formula, all the ruloS by \vhic]i Iq 

obtain bis results must be put down in Vngthy wording. 
Ay^iin, he will h.-ivo dilhculty in transposing his rule wli^ 
another diiiuinsion to that fouifd by his lirst rule is required ; 
or, in other words, yi turning his rule »oimd. .. 

To elueidate these reiwarks^'e may take a rule, given 
later, for Ikiding tlu^ Lead of a Turnout when the Xu'hiber 
of the crossing and tSie particul.ars of the Swfteh arc knenv^n. 

This rule in words' is: — From the gnuge^‘ deduct- 
the diviTgence at the switch die6l. Multij)ly twice this 
diim^ision Jjy the swittch angle uumb(T, the result l9V' thy*- 
crossing iftlmber. and divide the produce t the suni of Ih'* 
switch and crossing aiigb' nufnheagi^. 

, The rul^ expressed as a formula^ ^with symbols given 
in Chapter Xlll. to represent the vari(\|^is diuv‘nsions, 
beeSrnes: — ^ ^ 

r 2 X M X_N ' V 

• ' + N" “ \ 

• The multiplication signs, however, are generally 
omitted. • 

• f 

Now suppose j^nstead of* the Number ^ cij)ssmgfl being 
given, the* Lead is given, and we wish to calculate the 
Number (N) ; it would be edmost impossible \vill>oiit using 
elementary algebyi to discover that 

N ^ * 

’ ^ (2 MX W) - L 

It Alust also be noted that id mechniiically following ' 
’ the operations of the w'orded ruje, opportunities (rf sbjorteiiing 
the work by cancelling out^ etc., Wll be misled. • 

In Algebra, values sucR as lengths, w*eights, etc., arc 
represented by symbols pr letters, jmd in some branches 
ongineerknf*, such as Electricity and Beinforced Concrete 
Construction, the symbols* *have * been standardised, thus 
rendering it ea^y to compare ri^es given by different writeA. 

5/7 
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CllAPTEn ijTV.* « ’ 

Thek appears ikJ . bfe no generally accepted notation, 
which wifi cover the di^ifensions * we arc hejje oonceijied 
with, therefore the symbols givcAln Chapter XIII. and 
elsewhere have becyi chosen; an ^enwH^nvoiir being nvule 1(> 
^keep to those largely used by other writers, and also to 
render ‘them suggestive of their fij^eaiiings. • 

V 

Signs, elo.^ 

Tn Algebra the sigrw t ^ , H- , and ar(‘ list'd as^' in 

Aritlimetic. The follouing statements will show other wa\s 
of indicating operaliftiis to be perbn’uwd on numbers and 
syinl)ols : — c v * 

a X b, that<. is the product of two letters, iV; generall\ 
wi<ktten ab, as alsq is the product of a number and a letbM* 
thus, ox a is writtcui .xi. In tiiis ease o being a number, is 
known as Ehe coetVieieut ff y. “ 

^ c iJrackets thuti ( ) indicate lbat*'tbe quautftjes wtThin 

them iruist lie taken altogether. When there ‘is no sign 
bet^veeii two sets of braci:ets,* the results of the quantities 
within the brackets i^'iiust lie multiplied togetluv". thus: — 

** I 

(u-. I>) (c-«'l) j; a U'ss i>, Muultiplied by c less d. 

. ^ 7 -b)---fi less b. multiplied by 7. 

(a X bj+^c X d)=^the jiroduci of*a and b, plus^ the 
4 product of e and d. 

(u — b) -r (c* -- dj- the difference of a and b, divided by 
th^' difference of c and d. • 

, 7+ (a -b)^7-ra-b. « 

7 -- (a ~ b + c) 7 - a 4 - b - c. 

• • • 

^ The last^,exemplilies the rule that a pjiijius sign oittside 
a bracket changofii nil the signs inside, on the l)racket being 
removed. ^ . 

• a 4 -b that is, a divided by b, is generally indicaJted as 

a fractiop thus, g and (a + b)-r (a-b), thus 

• •• 

That a quantity “a" <8 to Ife squared, is indicated thus, 
a^, which = axa, and (a + b)^=(a-Hj)) x (n + b). 

It must be noted that: — •, 
ab® = axb®^ 
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whilst (ab)®=)|l^^ squar^ .ab’or a^xb^, 

dso- ‘ ■ 

b 


==a^^^b2 


The small ' ‘ 2 ” which indicates^ the s^jparc or ' * second 
power'* of a, is named an ‘Mndex.*’® An index is dieting 
from a “ suffix,** which is a small number, letter, or dash 
at the foot of a symbol to give a special meaning, for ^ 
example, may* mean “the Number of the second* 

crossing. “ fi « 

The sign v or •v means that the squpre 

root of the quantity is to be taken, th\i8 : — ^ 

v3 =.3^ 

, . V'*9 + 7 - V 16 - *4 

•• ^ 

. v' (a + b) or ^ a + b ^uare root of (a -r b) ^ 

. V'^Tx'ni = v'a ¥ ^ b 


y a _• A, a 
b vb a 


Proportion, instead of Ix'ing expressed as in arithmetic, 

thus : a : b f : c : d, is generally expressed ^ ^ which 

is a more useful form. . b d 

^ i»j ^ 

A collection ot^ algebraical quantities such as, 4a-}-6x 
— 3b, is known as an “expression," and the* s(?j)arate 
quantities 4a andjEix are called “plus terms, ’* ^dr' 1st 3b is , 
a “ minus term, " » 

It we know the valuc*!^ of a, x, and b in the above 
expres*on, to obtain its ultimate value the (^orations of 
^multiplication must be done first and the addition and 

* subtraction afterwards. ^ ^ 

• • 

Thus suppose a— 3, x«=^ andjb =4, thA 
4a + 6x — 3b 

=(4x^) + (6x2)-(3x4) 

= 12 +,*12 ^ 12 
, = * 12 
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When the sytobAlfl or ^re terms do not differ 

and are of the same/* po\\xT/' the xfTms are napied liVs'" 

^ c ” Of 

otherwise they are unlike/* thu8,#^w., — 8a ^”^8 

being ^a, are like terms, whilst 4a^, 4», ^/a, an^ 4ab, are alt 
un^jke terms. , ' * ^ 

We can add or subtract like terms to make- one term. 

(. • 

tfeus, 4a+3a=7a, and 5 v^a, — 3v^a=2v^ii; but this is ^ot 
80 with unlike terms,. 


Addition. 

^ In adding several expressions, place the like terms 
und(‘r each other* and add their cocdhcients thus; — 

lf + 7x-,3a + l 
2x-4-'4x + 3a-8 
, - 2 x-Gn + 2 «^ 

5x2 4 - 9x - 6 a - 5 Sum. 

Subtraction. . 

8 ul)tracti(m is performi,*d as an addition, but in the 
ox])r(‘ssion to^ be flocj,ucteJ, all the plus signs must bo'road 
as ftiinus fciig«s, and vice versa, thus: — • • 

4x2 + 3x- a- 4 
^ 'Less 2x2 — ox — 2a 4 - 0 
. — 2 x 2 4 - 8 x 4 - a -10 

Multiplication. 

fn mul'tiphung two expressions, multiply every term of 
one e^iprfssion by each term oi the other. When any two 
terms being multiplied liave the same sign, prefix a plus 
sign to thefr p^g)duct, and when they htve different* signs 
prefix a minus sign. 

« » 

. Also note that : — 

• axa = a 2 
-ax -a=sa2 
— u X a = — a 2 
a^ X a=KW 
4a X 3b = 12ab 
4aax8b==iaa2b 
(a+b)x (a4-b) = a2 4-2ab4-b2 
(a4-b)x (a-b)^a*-j 32 
(a - b) X (a -,b) - 2ab +b* • 
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DiTlslon. f> ji ^ I* ' ^ 

* I'he rufes for cliWding one expression by another are 
simple, but rather le^JjiJliv. We shall usually in this work, 
only ifavt? to divide an ex'prcssion by a Kngle term. In this 
case the rujc is to divide each term of tlje expression by the 
divisor, thus ; — ^ 


2a I 2a^ + 4ab - b%+ 6 


= a 


+ 2b 


Note that : — 


b** 7 3 
- — I — 
2a a 
•* 


« • -f a ^ 1 
a*^ a — a 


u ^ 

al>-f a = \ 

4a”«a=5 

r •* 

Simple Equations. 

*An (‘qualion is a statement^ that two expressions* arc 
k equal. • ^’r ^ 


^An equation is generally made up in*or5er to hhd some 
luiknown quantity, which process is khown a5. “ solving tlie 
'equation.” • ri 

To solve an equation we may employ firny one of the 7 
following artifices : — e. 

1. Add the same quantity to each side of the cqiiatftm. 

2. Deduct th5 same quantity from each side, of the 

equation. ^ 


S. Multiply fr divide both sides by the same quantity.-^- 

^4. Square or (Extract tlu* square root of each side. 

IjL accordance with 1 and 2, a quantity may be removed 
from one side of the equation to the other by taking it over'' 
and changing its sign, ’’J’his isjvnown as ”, tranapo^ng. ” 

Examples: — ' 

Eequired M when, 

• 4M + 6=26 
Transpose 4 M 2jS - 6 

that is 4M*=2() 

by 4 eM=a5 



CHAPTER M 




Roquired N whcii f f ' 

‘ I \ - 

» N 

'I'ransposc -j- - 9,+ 5 

I y , * 

, ‘ 14 

'x bv4‘ i => 56 


Th(j j^oneral rules , fur simple equations aro : — 

1. Clear of fractions by multiplying throughout by the 
j least common muMple ot the denominators of the 

fractions. * 

2. Transpose »11 the terms with the' “ unknown ” in 

.tkem to the left hand side, and the “ known s ” 
. to the other sidf*. ‘ 

I 3.*Divide by the coeflicient of tlft* “ unkiif>.\;n, " ♦:nd 
•the unknown will be obtained. 


in accordance* with AHitice Xu. 3, we may note th.at 
if fractions complet(^‘h' f(/rm the sides of an «q nation, a 
nuinoratgr may J[)e taken to •tin* other side and there ^)ut 
into the denoiTpnatbv,^*and ncr verna. A useful variety \)f 
^using“^this rij.lc» is known as ‘‘ oro^s multiplying '' thus : — 

• • " 

. then ad -- be. 

'^Examples of ('quatfons will occur in the tn*atment of 
the vaiKOus {\roblnns. • 

A Quadratic Equation is one in which the square of an 
unknown Ijuaiititv is iirvolved; an example occurs in 
Ohapter Xl\\ (Rule 4d). t 

Formuls. 

I • 

, Tiroadly speaking, a formula is a statement \vhich 
fchows the relation exis’fcing between a ci*rtain set of 
quantities or- measurements. Eor instance: — 

'‘■'mTn 


i^a formula showing the relation between L, W, M, and N. 

In this particular fotiq it isi suited for finding L whrn 
and N are known. By the V)peratiops of algebra 
the formula may be manipulifted either to give any one of 



. MATHEMATICAL CAlJblTLATION. 

. 

the other values wlieii^^ie reinaiipcr are known, .or to show 
th«? rehitioD^ between. k \'0 of the valuerf wh’en the otjjers arc 
known. ■ • 

• • • f . 

In the course of the work the rules will generally b(? 
given in shape of formulae, the simpler formulae will 
be translatec^ into words, *and an (‘xample of the arithiiiciticar' 
\N orking out of the uior(' frequently used fornmlif, will be 
given. • * 


.TRI(H)K()i\iETRL\ 

As the name impliif^, Trigonouietry deals with the 
measurement of iriangU‘s. 

• f 

A simple expbiiiation of the elemi^its of the subject 
is called for, so that Liu* ]y*esenc(' of Sines, (Jo^ines, etc.,* 
in rules and their derivations mat prf*s(*nt no dilliculty to 
the ade^-*previ(ui>lv« unacquainted wilh^their us(*. • 

/I’he explanation will onlv i*x|end*io the solutirai of the 
Right Angl(‘d Triangle, ainf it must be understood that 
• such a triarTglo is referred to, unless ftyu'rw ise statc’d. • 

In the course of *1110 calculations we ^hall oftini find 
tii.it we kiw)w thfc length of only oTle of fjje sides •of, a 
triarjgle. Now if we* also know tiu‘ nuaisure^or one of its^ 
acute angles in degrees, set) Chapter V., other method of 
ipeasun’nient, we can by « Trigonometry, of)tain either ofT 
till* other sidles. This wo do by multiplying the given side 
by a 7iLUifber di'pending upon the* measure of the angle. 
This n'umhcr is known as if Trigonometrical ]gatio, ^nd is 
simply the* ratio or the roiiuired side to the known side. 

Jhitio inean.s the ‘number ot time's a tir.sf quantity 
contains a second, therefore a ratio can alwa^^ he expressed:^ 
as a fraction, for example, four ways of expressing the ratio 
of If to 4 arc : — • 

• 3: 4, 3^4, f and *75. 

a ■ 


Eig. IV.-l .shows 
the names usually 
given to the sides of a * 
triangle wdth respect 
to the jjnglo A, the* 
names in brackets 
being preferred to tlte 
others by some writers. 
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CHAPTER |v/ * 


Functi<jni 


The .TriffonomeNiricill/ Eatioj?,! sometimes called 

,8/ of tllCJ *A^nr4^ f.Vin 


an^le A 'arc the ratios of the sides one^to 


1 Jk II 


another, thus: — ^ 

The ratio’ = The Sine dr Sin A * 

hyp 

ba^d * ^ 

-r — Cosine ,, Cos A. 

t hjp , 

norr^ * 

,, Tangent ,, Tan A. 

h\m * 

,, — — ,, Cosecant (• ,, Coscc A. 

perp t 

i> ,, Secant * ,, Sec A. 

•base 


5 1 5 1 


base 

perp 


= s, Cotangent ,, Cot A. 


« * * 

Thc^ throe Jatten ratios arc the inverse of 'the tfiree 

foriper ratios. i ^ , 


^,Two other ratios^or functions are: — ^ 

Verj^^d sine of A qy Vers A — 1-Cos A. 

Coversed Sinp ,, Covers A = 1 — Sin A. v 

^ * ^he Sin^^, Cosines, etc., of any ^cute angk^ the value 

of M’hich is given in degrees and minutes, may be extracted 
I* direct from nwtlfematical tables, where they are given as 
' decimal fractions. ^ 

.'If the angle cQiilaias seconds, a difference ‘proportional 
to th<\, number <jf seconds miisit be added or subtracted as 
the case maj^ be. • 


Examiple. — k, 

Requhed the Sine and Cosine of 7^,9' 8^ 

The Sine of 7‘^ 9' from the tables = *1244674 


The difference for 1' more ^ plus 2886 

„ n 8" M =/xjof 2886= plus *0600384 

% • ‘ " ‘ Sine 7^ 9' 8" = *1245058 “ 

I * ■ 

The Cosine of 7° 9 «froiii the* tables = ‘9922237 

The difference for V morels minus 363 

„ 8“ „ = ^"gt f 3fl|^635 

, <, minus ‘0000046 

* Cos of 7» 9 6" = ‘9922189 
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In using tables it is helpful |bo iyjnember thi. following 
pcynts : — 

The Co-function(f|al()no. docro^so ns the atigld increases. 

• • ^ • k . • 

The Sine and Cosine are always less’than 1, and there- 
fore make a quantit^^less if multiplied by them, aqi 
greater if divided I)y tliem. 

. The Secant and Cowee^Tnt ar(‘ »Iwnys greater than h 

o 

The Tangent and Cotangent ina;;^ bo of any value. 

Solution of Right Angle^rlailglos. , 

(J) To KIND T<tE SIDES FROM THE ANGLE A AND A GIVEN 
SIDE. 

Exampi.e — In the triangli/'.l'V^ C Fig, IV. — 2 the angle 
nt fl is '^■’.*9' 8"., tl«*pc‘rp B C is 4' =-l-708'. * * * 


nc.mz. 



• • 

Required the hyp. A B and the base A C. 

4 

To find .IB, * • 

•A B hj^ Coaee A * • 

BC ~ perp ~ ^ 1 

hyp = perp x Cose^ A 
le. A B = 4-708' X 8f031 
• • = 3 7-81' 

Tc find A C, 

AC _ base * * Cot A . ' 

B C ~*pntp “ • 1 

.-j base 3= perp x Cot A 
• i.e. AC * 4-708 X 7-969 

• ' = 3T'62' 

• 
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— _ 
Another way to 

P' 


AB 


i.e. 


id H B is, 
Sin ii' 


hyp 

perp 
Sin A 
^• 708 ' 
■1245 


- i- 

= >»yp- 
= AB 


a7-8r= A B 


In the above Wt. first form a ratio between the 
required length and the given length and then state that 
this eauals the Trig. Ratio between them. Next we get the 
required length as one side of the equation, remembering 
that a value above Jho line, when transferred to the other 
sid(* goes below the line, and vice versa. 


By this procedure, we 'may obtain the ruVs given 
LVow: — - 

Per = hyp x Sin or hyp -r Cosec 

Per = base x Tan „ base -h Cot 

Base = hyp ^ Cos „ hyp -f- Sec 

Base = perp x Cot „ perp Tan 

Hyp = base x Sec „ base 4- Cos 

perp x Cosec ,, perp -■- Sin 

(2) To FIX5 TJHE ANGLE A V’UEX TWO SIDES OF THE 
- TRIANGLE ARE GIVEN. 

' The procedure is to form a Trig. Ratio by dividing one 
side bv the other, give this ratio its name, and look up in 
the tables whf^t angle it is the ratio of. 

Example. — The base of a triangle is 8 f(;et and the 
perpendicular is 6 inches; required, the angle. 

PerT^ -r- base = Tan A 
i.e. ’6' -f- 8' = Tan A 

-0625000= Tin A 
Prom tables ‘0623306= Tan 3** 3i 


difference 1694 


To find how many seconds th[s is the difference for, 
multiply it by 60 and divide by difference for 1 minute, i.e., 
for 60 seconds, thus: — 


1694x60 
2920 ' 


= 35 seconds. 
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The required angle is therefore '}? 84' 85". 

^ fn all cases, MhenU second licit* (^»f a triangle has been 
obtained, tlie third 'rfiay be found by the rule ^as- to the 
squani*s of the sides* f^'.ijclid 1 — 47), but, if trigonometrical 
tMl)les are to hand, it may just as we^l ht* found by using 
them. • *' - • 


If the Uiird angle is required, it ns found by deihu^tiug 
the angle A from 00'’’, becau.st* the thv»;’e au^lc'ft of any 
tqangle -' IHO . ** e ^ 

General Trigonometrioal FonxiulsB. 


'I'here an* fonimhe for solving triangles uhich are not; 
right-angled, and there fre ah.o certain relations between 
the ratios? In this work recourse to this knowl(*dge will 
seldom he m‘cessary, and the notes \vilLbe confined to the 
following brief statements : — - 

Feignulae /or Solutitn of Triangles (which are not right- 
angled). 

m 

(iivcn,^thrcc sides. 



Given, two sides and the included angle, 
• a*= h'^+ 2bo Cos A 

. and Sin B — 

a 

} 

^ Given, two angles a side. 


a Sin B 
Sin A 


and c =.' 


a Sin G 
^inT 


Given, two sides ami an opposite angle , 


Sin B = - Sin A and o = 


a Sin G 
Sin A 


Note. — In the texta books, additional formula* are 
given for uscowhcn logarithm-^^ are employed. 

0 
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CHAPTER 


fc 


delations |>etween the Ratios. 

J: i ■ \/ 


Sin A ^ Oosec A 


h 


Tvi A 


^1 + Tan»/ 


Cos A = 


Tan A' 


Cosec A = 


Cot A 


Sec A • , Sm.^A -j:’Cofc“ A 

W = v^Se^A"-^ 


Cot ‘A ^*Cos A . 

= ^1 + Cot* A 


Sin A 


- CSA " ''!•+ T**' A 

fcot A = 


Cos A 


= '^^Cosec® A 


Tan A ‘Sin A 
Sin Ji = Cos (90° - A) ‘ • Cos A ~ Sin (90° - A) 

* Sin (lg0° — A) = Sin. A Cos (180° — A) = — Cos A 

Tan (180° - A) = - Tan A, eto\ 

Sin (A+B) = Sin A Cos B~tCo8 A Sin B 

• • • 

Sir (A — B) =r ditto — ditto , 

* ^ * € * 

Cos (A + BT=Cos A Cos B — Sin A Sin B 

Cos (A — B)= ditto + ditto 
T.n(A+B)- 


Cot (A+B) = 


Cot A Cot B-1 
Cot B+Cot A 


^ Sin2A=- 

2 Sin A Cos B == Sin (A+B) + Sin (A-B) 

2 Cos A Sp B = ditto ditto 

2 Cos A Cos B = Cos (A + B) + C®* (A-B) 

2 Sin A Sin B = Co8(A— B) — Cos (A+B) 

eto. • 


2 Tan A ' 
l+Tan*A. 


CHAPTER \6.~fE0MSTRy. " 



.(j&AFTisk 'Vt. • 

(jENEBAfi GEOJUeTRICAL* THEOREMS AND 


. yROBLEMS^. . 

Tluj sofution of all problems In cqpnec'ti^n •witir the 
alignment of railway traojk depAds iflitially upon the 
fiTc-ts of Elementary Geometry. There is nothing vemnwfci ^ 
able about this statement, when it is remembered that this 
branch of mathematics may be saieP to be independent o^ 
any other, its trifths boin|f buiH up by plain reasoning from 
a basis ot self-evident facts, pr “axioms/' • 

It will be suflicient for the purpose If wo state#the 
Geometrical “ Theorems/’ or proven! facts, which ar^ useful 
m solving the kind of problems arising in tra(!k\Pafk, leaving 
the student to studv their proofs in the text books. ^ 

A if amber preceding a statement ^*efers to the Bobk 
ami Troposition of Euclid froi^j which it is derfved. this 
ancient author being still the universal standard 6f 
reference. * •. • 

• Certain geometrical definftions are givAi in Chapter 11., 
but a knowledge, on the reader's plrt of ihe elem§ptai’y 
•definitions and moite obvious facts of geo5at)try will* bc^ 
assflmed. 


GEOMETRICAL THEOREMS .OR FACTS. 

Trlan^es. * * • 

I., 6^ and 6^ In a tfiangle, equal ^sid^ have equal 
ajigles opposite to them, and vice versa. 

I., 4, 8, and 26. If a triangle has threef of its six 
medsuromenta,, •which are three sides and# three angleisf^ 
equal' to thi:0e similar measurements, ^ach to each, in 
another triangle, then, ])vtvvided one of the measurements 
is a^side, the two triangles are equal in evei*y respect. 

In certain cases, known as ambiguous cases, which are 
easily recognisable and need not here be discuisec^ this rule 
does not apply. , * ^ • 

L, 32 (Fig. V.— 1)* If the*6ide of 
a triangle be produced, the exterior SS:! 
angle is equal to the sum of the two 
interior and apposite angles, 

Angle A=ijagle B+ Angle C. 
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I., 3iZ. The three. Rrif;les of ai^ triangle are equal to 
two right angles, or |80 th^grecs. 

I., 37'. Triangles ori^ equal bases between the same 
parallels, that is off the same he^nt. are Lcpial in ' area 
(The area = base x height.) 

.T., 47 (Kig. 2). Jv any right-afiglecl 
triangle the s(pjar(> on the hypotheniise, 
or side opposite fo thq‘^right angle, is 
equal to the sum of the squives on the 
sides eontaining the right angle. 

AB2=,AC2.fBC2. 

r ** 

YI., 4. (Fig. 3). Similar triangles are those which 
havL their angles equal each to each, and thus may be said 
to be ct* the same shapo. 

< 

The aides of similar triangh's are proportionals. 



This fact is Very inqxatant, and 
wide in its application, as the following 
exarfiplcs will show: — 

If the angles of tiie triangle AJH' 
arc eqind to tlnse of DKF, each to 
each, then; — ^ 

• ii. : b : : (1 : e etc. 
and a : d ; ; b ; e etc. 



YI., 2 (Fig. 4J. If a line be drawn parallel to one 
side, of a triangle, [t cuts the other sides, or those sides 
produced, proportionally 


Thus if ED or FiDi bd drawn 
""parallel to the oide C A, then : — 
BF: FC : : BD: DA 
B C : F C : : B A : D A 
. BC:CFi: :BA; ADi etc. 

It will be seen that .the 
parallel lines form sVmilar 
triangles to tlie originaL one. 
Figs, 4a and 4b show .applica- 
tions of the above to a switch 
angle and a crossing angle. 
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jGEOMETnY. 

Ciwles. V 

t * f 

* III., ® 7)^ The centre of a c^ircle lies Jn a line 

bisecting any chordfli^ right angli^s. • 

Iji Fig. 7, the centre of the cir^e 'lies in line BDf). 
which bisVets the ch()r<4*A C at righ^ angles. * 

III., fl. If two circles toiitTi ejeh oUieii, th? line 
joining their centres passesj tlirou^i the*point of contact. 

fn Figs, o and 0 the lifte 11 0 0^^, joining the centres^ 
0 and passes^ through H. • 

III., 11a (Pigs, o afid 0)^ If a circle toiiclies a second 
circle, awd also a given line, .then a line drawn through tin* 
points of contact ^ill also ])ass thrcaigh the'^end of a diiweter 
of tlje second circle which is p<irpenfficiilar to Ihi* given 
line. « • , • 



"Referring t^ the diagrams, the value ^f thi^ fact is 
seen, hecause if we know the point G at which a required 
cu.rve touches a line, we can obtain the point* FI at which 
it also touchcs*n given curve, and vice versm. » 


m 

III., 18 (Fig 7). 'iTic centre of a circle lies in a line 
dratvn at right angles to a tangpnt at its point of contagt, 
i.e., Radius is at right angles to tangent. 

In Fig. 7 Radius AO is aif r^ht angks 

to tangent A E. ^ \ 

From a point outside of a circle ^ 
only two tangents c^n be drawn to the 
circle, and these are equal in length. In ^ 

Fig. 7 the tang^ts •fi-om •point E, 
namely E A and E C, are cgual. o e 
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III., (Fig. 8). iTht angle at*t}ie 
centre of a circle js dpil|lelttie angle at 
the circ\i.n\^erence on the same base (jf 
iirc. • ,c"f‘ 

' Angle A 0 C — Angle ABC x 2. 

III., 21 (Fig. 5iy. All angles iifi* the 
segment are equdl. Angles ABE, 
ACE, ancfABE tte equal. This forms 
the basis for the proctiss occasionally 
^.‘rnployed of sotting out ciirvbs by the 
yse of two theodolites,^ which would be , 
^et up at A and E. 

IIL, 31 (Fig. 10). The*^ i^^ 
semi-circle is a right angle. 

26 and 26 (Fig. 11). Equal 
chords aro' sui) tended by ecjual /ingles. 
The equal chords JiC, C J), ahd DE are 
ijvditended by equal a^gh's B A C, CAB; 
and DAE. This facl? forms the basis 
for tlje ordinary process oJ setCing out 
curves^ by the use of a theodolite, which 
would’ be set up at A.* 

III., 22. The opp-osite angles of a 
f'^ur-sicled figwr^- in a circle are equal m 
T wo right angles. 

III., 32 (Fig. 12). The angle, which 
a tangent makes wdCh a chord, is equal 
to the angle in the opposite segment. 

Angle BA*C == Angle ADC. 

III., 35i (Fig. 13). If two line.s in a 
^j»*cle cut each /pther, the product of the 
segments of one iitr. equal to the product 
of th(‘ si'ginonts of the other. 

AB X BC = DB X BE, 

III., 36 (^Eig. 14). If from a point 
K)utside of'' Q ‘circld’ any line ‘be drawn 
cutting the circle, the product of » the 
whole line, which is called ft secant, and 
its part without the circle is, equal < to 
the' square of the tangent line frpm the 
, point. ** ' * ‘ , 

^AT squared^AOx AD. 
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III., '36 A (Vie.* 151. Fioin* .several of\the nbove 
theorems a certain^ Useful waving rule may be derived 
which wifl be frequi^ptly applied fhrougliout this Mork. 

•This ruljj" is goliLiifj^lly stated* tlnm : — 

The Eise oi an Arq is equal to the square of th(‘ Chord 
of half the Arc, dividct^by twice tfae Radius. 

The warding adopted, howevoi-* will be:— ^ 

The Versed Sine = Sijb-chorcf^squall'd twice Radius. 
Or in Symbols to bo explained later: — *iK^ ^ 

. V - C| - 2R 

It will bo *shown l«)w tlys rule is derived, which will 
serve a» a typical example, of the manner in which tlio 
theorems may bt* applied in establishing useful w(#rking 
rules. , 


With regard to the Arc ARC, AC is the CTiord, B 1) 
ie^the V/'rsed Sincf and AB is the Sub-chord. • ^ 

The Chord AC of the Arc is bisected at i^ght angles 
by the lino BDE. • • 

B E therefore passes through tfio centre of the jHircle, 
and so is a diameter or twiqp the Radius^(l II., 3j. 

ADxDC-BDxDE (III., 3^) 

^ butAD = DC^ * fiq.v- 15 . q ^ 

r. AD2-^HDxDE 

Also AJJ^+UJ)-’-AH^ (l.,47). ^ (li 

For AD- substitute BDxl^E, [hen: — j 

B :y X D 13 D‘^ =- A*B^ • . 

that is B D X (D E + B D) - A 13'^ 
and J3D = A B^- (1) K-r B D). 

But D eV B D = twict‘ Radius, apd^so the rule "TsT 
proved. 


GENERAL GEOMEIWCAL PROBLEAfS. 

A problem in geometry* consists of fiiidiiig ^ow to draw 
a line, a circle, or othqr figuA, to fulfil jsertain conditions. 

The text books of geomcptry give methods of solving 
such problems, but it is impracticable to deal with all the 
problems in railway* wwk % geometrical methods altee. 
Drawing must be supplemented by calculation to give the 
necessary freedom "and scone to procedure. 
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This \iill be evidovt \then it is* remembered that we 
are not concerned with nierldy makiilg small scale drawing^, 
aided by (?;o}npasso8 ana angle measure:p,‘ etc., buf with the 
setting out on the ground, and the qM^uning of particjular 
dimensions by calcnlalflon for reference tables, etc. 

c (ieneSal problems in lines, anWes, and sonU" of the 
"“eii nKints of the circle wjjl now be di^ilt with, leaying to the 
next chapk-T *the special' problems in setting out circular 
curves. ^ 

• ^ riie proofs of the problems depend upon the foregoing 
theorems, and a refiT^'pct* to the thtorem concerned will 
be' given, except where th(' procedure is oljvjous. 

Th^ letters (A), (13), ett.. show alternative pietliods 
of treating the i)r«blt‘nis. t 

1 

Fi^b. 1 . « Fi^m a given paint in a straight line, to set a line 
at rl^t angles to tha fi^t line. 


(A) S,Fig. 16.) Qn either side of giW'n 
point 4 iwasure off equal distances A]3 
iiiul AO. Vrom B sweep out any suitable 
distance 13 D and cut it with the same 
distanfcb from C. D ‘A is then at right 
angles to i^C. 



(B) (Fig. 1,7’.) Using the principle^of* 
IVuclid, J., 47*, Mueasure off AC equtJi *to 
any measuremenf ivultiplied by 8. Bw^eep 
ovt AD equal to the same measureniont 
multiplied by 4, arrd cut it with CD, 
which cmake the samC' measuremtmt multi- 
plied bv 9 . Thjs iseknow^n as the ‘3, 4, and < 
^ 5 method. 



(C) (Fig. 18.) Using the same priii- 
measure base AC, and swei‘p a 
distance AD equal\o the base, cut it with 
■CD which make equal to the ba»i multi- 
ydied by ^tbe square root of 2 or 1-414. 

^J’he measurements in fhe figure show 
Jiow rail jojjitstinay rbe .squuredji 


( FIC.YH8. 

D fyi/ 



(1)) Ecferring'to Fig. 20^ if E is *the given point in the 
given line B C, choose a centre such as D, and wdth a 


radiils DE strike an arc which cuts nt C. 


D^aw a line through C and D^, «proc^\icing it to cut the 
other^^Jdc of the arc at A. - • 
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• • i GEOnP 
?s to }ic (K 


A lino A E wiy tbc at ri rfht tmgles to H () (Euclid 
WI., 31).. . ‘ . I . 

It will bo noliq^l that by thia method notWnJ need bo 
used beyond*u pair o^aoriipassea’in t^^t' oflicc, or a piece of 
siring on the ground. ^ ^ 

Prab. 2.* From a glfm pdnt outside of a glTon 
set a line at il^ht angles to-the line. . . 


• *• 

• (A) (Fig. 19.) Froin*iho givPn point 

A cut tlu‘ given Unc‘ with equal distances 
AB and R C. iSisect BC at D. D is 
the line roquirtfd. 



(R)*(.Fig. 2y.) \VIi(‘n ■ the jiortitm* 

DR (Fig. J9) of thi‘ line is not av*iil- 
able : - - ^ • 

Take any suitable poirft Xl in the 
given IjE^.e R(\ bisect A (' at I), and fpaii 
1) cut ft C with a distance DE t*qwal to DC. ^A E is the 
Hmg rc'quircd, 'rho ang(o«A Eit.' is in a scnii-circle and is 
ther(‘tore^i right angle (Euclid ili^ 81). 

Crob. 3. To draw or set out an angle, tlie measurement of 
whi^h is giyen in degrees, minutes, aad seoondi|^ (° ' '') . 

Wo must first examine this, which V* the scientiift 
method of measuring an angle. ^ ^ 

If we draw a circle and divide its circumference in^ 
800 equjiLparts, and then draw two lin(?s from the ends A and 
R of one of those parts to the centre *0 of the Circle.,* those 
lines will form un angle if C B of one Dfgre^. 

The Degree is sub-divided into (K) Minutes and the' 
Minute into GO Seconds. • • 

The circumference of a Circle is J^x1!-14.‘,6 times its* 
l^dius, so the portion AR, is: — 




73 



CHAPTlSH V,^ ' ' 

'rhercfore if we draW aiOircle witjua Radius of 57»30ft., 
each foot on its circutnfercnce will represent a Pegree;fJ 
of an inch, n minute ; and of an a st'cond. 

The size of anglc^ may also be vfftimated ^)y the state- 
ineuts: — , 

1 Degree is 1 in' 57-«J(). ,t' 

Minute is 1 in M38, or 1" in 280' 6". . 

1 Seconcf is ] 206280 or D in 8^ IMiles approx. 

PKTTedure of setting out an angle. 

(A) By using the principle, that if a circle be drawn 
■“'ith a radius of 57*30 to any unit, degrees may be mark(*d 
off on the circumference by ujjing tK^' same i?nit to represent 

ili'greesf ^ 

|jXAMple. — (F ig. 21.) To set out ‘an angle of 11° 
25' J6^ 

- FirsV, reduce the angfe to deg^*ees and decimals, thus : 
25' X 16= 1516 sec*(jnds. 


'I^lutg are 3()00" in a*degree, so fic.y- 2 i . ^ 

25; 1(/ = degree . Reducing 57 - 30 ;__— 

this fraction to a decimal ifi" 

get •4{?1 degrees. Ther whole 

angle is thus 11-421 degrees. , ^ 

From a centre C fipd with a radius of 57*30 feet, that 
:ig 57'fJet, 8J inches, sweep an arc A B. , ‘ ' 

Along this arc mark off a length DE equal to 11-421 
ft-ct, or 11 feet 5* inches. 

Join D and E to fJ, and DOE will be the angle required. 

Extending this principle, if it is wished to make 
inch represent ^exactly one minu'i.e on the ^ arc, the radius 
must be 17 fee£ lOJ- inches. 

1’he advantage of ihis, method is that no tables are 
gjeqiiired in its yse. " , 

(B) By using va trigonometrical ratio obtained from 
tables.* ^ 

The sine of the angle will give the greatest accui;acy 
for setting out the small aiagles we are concerned with. 


^ ExAMH^E.‘*-(Fig. 22.) 
To draw a ' line,^ making ^ 
an angle of 11® 25' 16" « 
with the line AB. 

■ 



* At. ibis these mtioe rosy be tis/^ without a knowledge of . 
tjieir meaning, which is explained in the ndtes on Trigonometry, 
Chap. IV. ♦ 
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. , C^llBTRY. 

From centre A yjd with a ^itafcJe radius, sJy 100 feet ^ 
sjvecp an arc C D. I . I . 

Look up the Sfcio of 11° 25' 10* in a MAlBematicai 
Tnbio. This# will be ipiind to bc*'19^18r5. 

Multiplying this by UK) feet we get 19-80 feet. ^ 

Murk off this flistifiaee at right ?ingfes to A B and 
the arc at 7>oint E. • * , , 

Join AE, and EAB is the iq^glc required. 

(C) By the use of a Protractor, which, however, tWll 
not usually give ^sufficient accuracy^ for the purpose. 

(D) By a Table of ^^Jliords, which is useful, but speciaT 

Tables are required. • ^ 

(E) By using thi* Sine of half the angle, which, does 
not entail any setting out of a right awglo. 

This method is brit'tly showy in Eig. 23. 



fpjrAt'/re 
the %tne of t^otf 
the flngte.(f<) 

nrqiMiVi/ 


pM>b. i (Fig. 24*) . ^ To bisect a give'h BAG.* . 

" Set out e(iual distances A B and A C fro*n A. 

Erom points B and C sweep out eqi/Sd distances B^ 
and C D intersecting at D. A lino D A.will bisect the angle. 


Th(i examyles show* 
both the bisection of an 
acute angle and of an 
obtuse angle. • 



C r 


^b. 5 (Eig. 25). To find the centre from which a ^yen 
• arc Is struck. 


(A) Without calculation. * 
Take any two points K rfind C 
on the arc, and with ^ntres A and 
C, at any convenient radius Ivveep 
out arcs at M and Tj, Repeat the 
process on any other portion of the 
arc, preferably BQ, the* arcs •being 
at P and Q. 
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CflAPTKR V., » . 

” ^ “ V . • ‘ 

Thp oi'ntro required wHl be the mpint 0, which is the 

iuirrrieeiion ’ of lipios ^ through AI and PQ ^produce^. 

(III. a.)^ r f/ 

e (P>) (Pig. 26.) «By the aid bf ric. v- 26 ! ^ 
calculation. " * ^ 

'*■ -‘!,^ako any two poyiis A and 0 

on the arc. 'Join Insect it at D 
and draw J) B **at r^gdit angles. 

J\4Gvwiure AB, which is the chord of 
half the arc, and DB. 

Then the radius = AB squared twice B D. (III. 

*■ • ' . 

l”he centre. 0 may then be. found by striking out this 

radius fvoni llie points A liud C. 

‘ ff 

* . 

Brcb. 6/ To draw a^. tangent to an aro at a given ^point on 
the ^aro. 

It is required to draw^ a ftmgent to th(' arc ABC 
touclivig it at iMaTit *’ 



(A) (Pig. 27.) Fix two points 
A ai\d*0 in tho/ tire, cqiially distant — 
fioin B, Join ^’t he chord A(’, and ^ 

jjt its centre meavure the versr-d 
sine BD. Prom C set CPj at right 
angles to the cliord tind equal to BD. 
the tang(‘nt required." 



Join E B which is 


(B) (Fig. 28.) If the portion 
AB of the arc is not available. 

■•u;. Join BC «”nd at its centre 
measure P G. '' 


FiC V-28 


B 


ic 


Prom centre 0 and with a radius CE, which make 
<'(fiial to four times FG, R\feep an arc. A line drawn from 
B and touching this^arc will be, the tangent required. There 
“is a very slight error in taking CEvfour times FG, which 
will be referred to in Cluiptor VI. '' 


* (C) Referring to Fig. 25, obtain t&e line MN as in that 
pro))lQm, and through point 'B draw a line at right angles 

to M*K. This will be the tang 9 iit required. (KI. 18.) 
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OfiOMETRY. 






ic 


Prob. 7. To draw a Jfangent to ^ ^ from a point outalde 
% the taro. . . i . 

4A) Froiij tho ^i\ion point E 
draw a line E B just touching tho. 
arc. To find the ex Set point oft 
contact, B* draw any line* — 

parallel to B Pj ; bisc'ct A«C at l\ 

:iTi(l draw D B at right angles to A C. B will b(^ the poffil* 
rc'quired. • • 

(B) If the portion B is«iiot available, but the radius 
of the arc is hno\Tin, draw PjB as before and YiC a*t right 

, ji 

angles thereto. Then chord BC,= Twice EC X^Raclius. 

nil.— 35 a). ' • 

• (C)^Eroin E dftiw any line cutling,th(‘ curve, af P] FCi, 
measure P] P' and P^O. * • 

Then EB - ^eg x P^F. (TTL— 36). 

• ^ 

Fftib. 8. To draw a tangent touching two^arcs, XBC and 
A.BiCi. ‘(Kg. 30). • 


riG.Y“ 30 . 
B 


B. 


• • * • • • 

Draw a line B touching the two arcs. To find the 
exact points of (jpntact, draw a line AC C^ jparAllel to B B^^ 

• Measure B^D which = Bj^ Dj^. 

flien chord BC - v^‘7xTblt>"x Ihidiua of arc ABC,, 

and chord A^ B^^ = \/’l x B« x liadius 
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CHAPTER vr. , , , 

^ 


ckAFTEB Yl: 


RULES FOR Drawing and setting out 


CIRCULAR CUtJ^V'ES. 

• 


, GENERAL RULES FOR CIRCULAR CURVES. . 

* Under this heading, rules will be explained which, 
.supplemented by the ‘theorems and prof)lem8 of the Inst 
chapter, may be applied in dealinj^ with circular curves by 
methofls suitable to railway Svork. , 

• t 

Dimensions relating to a Clraular Curve. 

'rhe diitienaions which appertain to a circular arc will 
first be enumerated. A imitm for each dimension will be 



Kef erring to Fig. 1, — and it is important that tjbe 
reader should draw this and all 6ther figures step by step 
for himself, — with a centre 0 and a radius OA draW a 
portion of the circunifercnfee of a circle ABC. The curve 
A fi C is an ^ of the circle. Join A C by a straight 

** line; this is*called the chord of th^ aro. Bisect AC at D 
and through OZ)*draw the line OD ti E; this line will be at 
right angles to A C. B D is variously known as the middle 
orfinate, the rise of the arc, or the^Yeraed sine,* the last 
name being adopted in this work.* ^ 

■ * Bomatitnes wril^n verslne.*’ * 

7& 


ClRttTL ^B CCa VES. 

A line such as tX}, at riglib angles to tliQ chord, is a 

side ordinate.' . ^ * . ■ « • ^ 

line 4 B is *11)^ chord of* half the ato, but in this 
vulumo it will be darned the “sul^ChOBd” (of the -uffC 
ABC). . 

From point A dr«"i\v a line at right angles 
radius AO. A E will be a tangenjf‘to the arc foiibhing it at 

J oint *4. From the point E onlv •ne oflier tangent can be 
rawn to touch the circle, namely EC, and this 
equal to A E. E is the point of inte^^^tlon of the tangents, 

A E K is the an^Ih of intereecUoii/ and the angle A E C ifT 
the apex an^le. • • 

pj a)j is the* tangential angle between the chord, /I 
and tht' tangent. - • 

. I 0 C is the angle subtendt^d by the arc ftt« the centre 
of the circle or shortU the central angle. 

• - • ' . * • 

A farther angle, which is used ip ?urve ranging by the 

tlTi.K)dolil(*, is the dellect|oii jingle. This is *the angle 
l)et^^'een a chord and the prolongation of a preceding chord 
of the same length. Thus, in Fig? B, page 83, the* angle 
J^B is the deflection angle •for the choiA B C. .This angle 
is twice the tangential angle for the same cbord. Tt ^ill not 
i)e ueccssifry to again to this angle. • • * 

Elementary geometry shows that the: » tangential angij^ 

. is equal to half the angle at the centre and also equal tio 
half the .‘pigle of intersection. • 

• t 

The tangential angle ^or half the is equal to half 
the aiigl?! for th8 full arc., i.c., in Fig. 1 aiiglt^ E A B = angle . 
BAD. . 

Any line f^awii from a point outside o^thi' circle, suejyi*i 
as the point E, and cutting the circle iR nalned a fieoant. 
The line E B OJ\ is a secant through the centre of the circle. 
Th^ portion E B of this line is called the external seoant. 

The terms tangent, versed* sine and secant, originate 
from an obsolete way of stating ithe ♦rigpnometrical 
functions, not used in ttie modern treatises. 

■ * • 

♦ It ii the asual Epglish practice to call the an^le ABC the angle of 
intersection, but the American practice is adopted as being mdre 
convenient. ^ 

t The poin^ is at thi other end of the diaipeter and not she's!!!, in 
the figure. • 


CHAPTER VI. * . 

Table of Dimensions to, an Ab, with Symbols. 


L 

r ‘ • 

; Shewn on Fig. 1 

1 c by liiiea 5— 

* 

Radius 

1 

/Symbol (Sae'Fig. 2) 
R 

C 

• 

OJ, OB OC 

■^Sliord 

« » 

c 

AO 

■ Sub-chord 

Versed Sine 

Os 

. ‘ ^ 

y 

AB 

BD • 

Side qrdinate at a*point« which is at a 

distance* x’froin the centra of the chord. . .0 

« 

OF 

'‘Tangent 

*T 

1 

AE, EO 

External Secant .. 

A.....'. E 

EB 

r 

Arc .. 

1 A 

ABC 

, Tangential Angle.. 

? 

J' 

EAD 


It is only necessary for the purpose to mention one of 
the angles in the above table because the otlier angles 
follow ilirectlv from it. 

•« Cl 

Provided that any two of the dimensions tabulated 
above are tnown, then all th(» remaining dimensions can 
obtained b^\.s^iculation. * 

The dimensions arc nine in itumber, so that there are 
thirty-six ways of chcx)6ing any given two dimensions. 

Now ©ny t,\vo dimensipns are given, we may bo 
asked to Calculattj any 6ne ot the remaining seven 
dimensions. Thus it is posriiible to he presented with prob- 
lems Wo hundred and fifly-two in number. This, however, 
is^bnly a matter of mathematical interest and we need not 
consider such an appalling* number of problems, because, 
wheSi any two dimensions a^e given, we may usually 
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emt uLAn ot!nvRfl. 

a which m^y iA>t bo the qne' requin^d, 
(]l those? first g^von. will 


calculate a third onii 
biit whicUiii coiubintiAon with one 
enable us to find tlu*^orn* ri‘quiri’(^. 

It ina\ also lu* iiofod that many of the problems wfll 
seldom, rtnd others iie^'or, occur iiw practice. * ’ 

1 

know li‘dgi‘ of tln‘ eleinentj«*y« geometry 
given in Chapter V., rules, may ht^ dca'i^ed laiabling any of 
fho problems mention(‘d to be solved. '‘■***, 


Tables 2.‘i an^l 24 give an exteifsive list of such niles^ 
providing mi'an^i for s<»lyng an\ probleni likel) to occur in 
practice., * • 

VoY the present the reader may epntine' his atteftti«)n 
to the follov\ing set of rules, whirfi an- chosen, with a vie,iv 
to simplicity and g(»neral *iitilit\-f 

• Thi^se rules biair the same refereiiee ruiml)i'rs as theT- 
do in Tables 23 and 24. The r^iles wiJ) i)e quotefl bv these 
numbers throughout the v\^ork. 


SXIMMAEY OY RVl.ES FOR CjECl'l^AR 


CURVES. 
<« - 


For full list of Rules see Tal)les^23^ and 24. 
, For symbols refer to Figs. 1. and 2. 


Required. 

• t 

Given. 

Rule 

No. 

V 

Foruiula. 

• 

ft 

Rule ill word.s. 




. ft- - 

• 

Radiufl 

,(B) 

Vers. Bine 
and chord 

C 1 

(*C)* + V® 

"2 x' V ”■ 

• 

aquarea of .Half 
'^ord and Vera, sine 
divided by twice the 
Vers. sine. 

• 

Do. 

Vera, aine 
and 

Snb-chord 

C2 

C| rtV 

Sub-chord squared diva 
ded by twice the Vers. 

lysine. 9 

1 V 

Da 


C8 

• 

ft 

• AG y-iGC 

■ 2 x~6 ' 

e 

a — 

[Product of the two 
j distance.^ from top of 
; ordinate to ends of 
Chord* divided by tw'iac 

1 the Ordinate. 

(con f infix'd) 


•u. 
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CHAPTEB 


SrMMARV. OF ErLEs^Foii Circular* Curves — continued. 


\ 

Required. 

Given. I 

Rule 
No : 

f ' 

1 Fonnulii. ^ * 

Rule ill wonls. 

K 

1 

(-1 

* 


eine 

tV) 

Radius and 

Chord 

« 1 

C'7 

f' 

R- -'(4C)^ 

t 

. ■ 

« • 

From the square of 
Radius take the square 
of Half « chord, extract 
square root of result 
and deduct it from the 
Radius. « 

Do. 

Do. 

C 81 

(1C)» ^ 2K 
(approx.) 

Square of Half chord divi- 
ded by twice Radius. 

Do., 

1 

Railius and 
Sub-chord 

C9 

« 


t 

Sub-choid squared divi- 
ded by twioe Riidius. 

Side • 
"^ordinate 

... 

Bjjdius, 
Ters. sine 
and X 

CIS 

\ 5^2 — X'-* — (R - V)From square of Radius 
^ ta ke square of X. extract 

< ' square root of result and 

! from it deduct Uailine 
• . decreased Vers, (y,ne. 

Do. 

It 

« 

^ Radius, 
Chord and 
FC 
(Fig. 1) 

c 

12a 

AF V FC 

2'^ R 
(approx.) 

< 

Product of distances of 
oniinate from cndi. of 
chord divided by twice 
the Radian. 

Clu^d 

Radius and 
Vere. wne 

C l.'jj 

fHx v'(2xRxV)- V-' 

• 

Multiply tw'ico Radi iis'by 
Vers, sine: deduct, 
square of Vers, sine 
Extract stiiiaro root and 
multiply by 2. 

i Bub- 
chord 

WJs) 

Radius and 
Vei-s. sine 

h 171 

• 

V 2 y R X V 

« 

Multiply twice the 
Hudiiisby the Vers, sine' 
and extract square root 
of result. 

Second 
Vers. Bine 

First ^Vers? 
sine (Y) 

C26 

V 4 (i5)prox.) 

.S«y-ond Vers. Bine is 1 of 
ttrst Vers. sine. 

Radius 
" Qi) 

Angle of 
Iniersqftion 
of two itlitK 

*= 2 IJ® nnir 
Tangent 
lengtn ( D 
from 

intersection 

C8.5 

) 

’r Tan D® 

t> 

V 

Multiply the Tangent 
leirjtn by twice the 
‘"Centre Line Measure” • 
of the Anglo of Inter' 
section, or by the “Right 
Angle Measure" of half 
that angle. 4 ; 

Tan- 

gential 

Angle 

Radius and 
€i:^b%hord 

iC57 

r 

Cs "S’2R = SineJD® 

t 

c 

V 

Angle ie.twice the Angle 
. whose Sine la SulH^hord 
divided ' by twice 
Hadiiia 

i 


* Bee Chapter Xll. 


Examining the above rulest it will be seen that those 
connected with the Sttti-Chofd* have the advantage o£ 
simplicity combined with accuracy. 





^ CHRCrLA R CU RVES. 

It is astonislilngjllow far ti|3 sitnple rules :—* 

•B*= Cr 

.=,03* -J- 2ll ^ , 

Cs =. B X V , 
and Vs =^Y 4 (apprpx.) 

• * • • . 

will serve in practice, and these rules should be memorised 

in preference to any others * • ^ »» 

The curves, or arcs of circles, with which we shall, 
often ho concorii(‘d, will be flat, i.r.J their versed sine will^^^ 
be small compared with yiie chord and the radius. 

Therefore the Flalf-chord and the Sub-chord \fill bo 
nearly equal, ami •in many cases it will not matter which 
we take in working out the rules. ^ ^ 

The amount of the ViTor in taking the Half-chorcl 
instead of the Sub-elionl is >luiwn in Tablo 2^). « 

ExcTmples of working out the rules will be given when 
cur;ve problems are dealt w’^lh in detail. * 


• Processes Sf setting out Curves. 

• Before proceeding to the*solutions of flefinito •problems 
in the nex^ Chapt^?r, several of the iisnial prcJCesses of r,«ttjng 
‘ out a circular curve without the use of nngte measuring 
instruments will now be described. 

• » 

Method A (Fig. 3). an offnet from a tangent followed^ 
by <\ff8ets from Hccania, i,(\,^line8 cutting the curve. 



^8 an example, let M A be ajine from which the curve 
is to spring at point A, The curve is to be jf 10 chains, 
= 660 feet Badius, and the. pPga are to b8 60 feej Spart. 


Ist. — Calculate tiie Versqjl sine for* a Sub-chord of 
6ft. feet. Versed sine = Sub-chord squared divided by 
Hadius. (Buie C9.) • 




n, 


66 


.2 X 


x_66 

eeS 


37 
10 ' 


3 ''30 ft. or 3' 3r 
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OHAPTEH VI. 

i2nd.-r-P*’olong line A/ .4 *4 little over 66 feet 
beyoiui A., i.e.,*io lAKjut point H ; ^his is the tjyigent li^c. 
From pcfiiiL .1 measure a distance A H — Qij feet, and cut 
it with an offset^ U e(|ual to th# Versed ^aiie of ^ 3|", 
measured square to the tangent line. Point B will be 
the iirst point in -thefCurve-. *# • 

.‘InV—^To continue the curve; from points B measure 
a distance B J df r)() aloJi^ the lint' through A and B 
*T[)rnionged to J. The Tine A BJ is called a secant line. • 

Also fr<jm B m^-asure a distance B C of 66 feet and 
cut it with an ofl’set J T -twice the Ve^^ed sine, or 6' 7^. 

r will be till* s('c*ond point fti the curve. 

• 

t 4th. — A third j)oint Q is ohlaint'd fti a similar manner 
by imulueing tli^ lim; tlirongh B and f' to K with an 
<dTset J (\ ^ , 

F(yi!o\\ing tlie dotted linos it will be seen that a curve 
Tins been set out tangential to llie line ff A and witk Veil^ed 
si IK'S of >¥ 3^'' for 8ub-cbor^s of (it) feet. 

]\rETi* 0 D B (Fig. 4)f By verned sines on f:onHCCutive 

chords. ^ , 

This ineihpd is commonly known as “ Quartering',’ ' 
^md iS ver> ^*o*iv<'nient when tlie lota! .Flford or^Bub-C-hord 
and the Versed sine are known or can be obtained, as 
m.showm in llie fullmving example: — 



Suppose it is required* to join the tw'O given lines Af -4 
f®d N V by a curve commencing at |)oint A, w'here it must 
spring from the line M A. , 

.5' 1st. — Prolong the tw^o given lines until they meet in 
point 75. • • 



CIUCULAR C URVE S. 

2n(l. — Measuroltlic taiif^enj liite AE and set EG 
^qnaJ to jt. r»jint ('•will b(‘ tfu'.. ol<u*r of the curve, 
\^■here it will be tangential to the lino N • • 

fW. — jRin A antf f’ by a chord, »ind bisect it at i). #3* 


4tlL~-AIefisuiv DE, and A'D. 
nth.-— Obtain the Kadius: — ‘ 

• f 

H T - ^an D" * (Kiile C 35.) 


that is, IJ 
• or, li 


AJ!} 

» 

At] X 


DE 

AD 

AD 

DE 


ff 


tub.— Calculate tlie Versed sftu' Ji D from J{jiile*C 7 oil 

C rt, aceordiui^ \o tht‘ deifrei* ^leciinicy rt'qiiirod. 

• Ay "rn.il ivel’y S ma\ lu' ohlaiiunl •without caI(*Tilation® 

— • • 

*J5iseet /!(- at D, and ^ith^the vinp; end at D take a 
tape alon^' the line D B 11. Wlitm the lirngtlis-Wl) 7i 
and B li are ecinal attd at right ai^gles to^.l D and 
AK r('spectivol\ . J) Ji will he ll^e versed sine 
requir(‘d.^' * ^ . 


7th. — Ap))ly the inetliod of Qiiarteriu'^f. After fixing 
point /f stretch a line A B bisect A B and BE at .?* 
and 7. aud set at right angles t^he distances V ^ or J K 
and LP, eacli equal to -J of V. • ' 

• # ' • 

8th. — The siring may bo put round tln' ])oints A, K, 
B, l\ and and furtlaa’ V(‘rs^d sines (\\) s*f equal to 
i- of V,. • . ^ 


• 9th. — 'ITie operation*may be repeated until sutheient 
points have been obtained. 

, The arcs genc'rally occurring 'in practice arc flat, and* 
W’ith such ares, in obtaining Uie first V,%it wiM usually be 
near enough to make it ^ of D J). ^ * 

'rhe secondary Vers(*d sines (Vj,), found by quartering, 
are slightly too small, ^but the error is vt'ry little. It is 
diffic\ilt to express it exactly, but practically it anioimtS 
to;— . 

• '1^ 

(V cubed 8ub-chf>rd squared x 16). 
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CHAPTER VI. • • 


The- following shcfWR ^ho amourtfc(of the error in various 
instances : — , 


Main Chord (C).| 

Proportioif ft error to SIcoiid Vera? sine. 

^ual tp Radius : .% . 

• 

lb Ditto i Radius 

10 times first V .......... 

20 vDo. Do 1 

1 

«<* * 

1*7% or 1 in 60 

•5% or 1 in 200 • 

1 % oii 1 in 100 

1 • , * 

*17/0 or 1 in 6p0 

• 


^Ietiiod C*(Fjg. «)j. scri/^s of square offsets from a 

^ ^tangent line, the points beim^ located at equal 
distances ap^ar^. *'■ * 



This method, though very Jiccurate, does not generally 
prove as useful as those preceding. • 

I ‘The Radius (R) and fhe disttince^aport (C 3 ) of the pegs 
(/i, J5, C, etc.), must be givQii. • 
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. • - ■ 

^ CIRCULAU CimV^S. 

Referring to Fig. 3 jve must calculate the offsets Oi, O 2 , 
OsTetc. frofti the tangent line AL, ‘ The oalculati^nf except 
as regards Oi, O 2 , O 4 and O^, is complex, unless trigonometry 
is employed. * * * • 

'I’lu* twith of tho ru|^‘S may bo s(jen by comp«rin‘|; Fig. 1 • 
with tho portion of Fig. 5 hearings the same rcf(‘n-.Aoc’ 
lottors, and rioting Uu* facts of Euclid Hi,, 26 flncf 29. 

Obtain tht^ anglt* | 1 ) ’. 

Sine I l)' =(’s R- C j7.) 

Tlu-n : — , • 

, O, C 3 X Sine% D 

O, O, + (Cs X Sine U^D) 

0» - O 2 + (Cs X Sine 2i D) 

O 4 “ 0« -t- tCs •x ^)ine 3i D), etc. 

• • » 

•it is# hot necessary to know ihe.diktauces AH, II J, 

J /v\ K L, along the tangent, if, we take care thaf tlie O's 
are nieasuv(*(l scjuan* lo J I* but if napiired the\ are: — 

. • , • 

AH - ~ Oi‘" • (Eucli<il.— 47j 

i/J= v'c'e - (dj - 0'.)®,e4c. • • . 

When using Method 0 , tht? offsets may cuten be taken 
from tables such as those of Kennedy and Jdaok wood (Spon), 
which give offsets for curves from 5 to 80 chains radius ' 
advancing I chain and from 80 to^240 bhains by a chains, 
the pegs being 06 ft'ct npart.^ * • ^ 

This may be*a suitable place to call atbmiion to the. 
fact that offsets to a circular curvp from a tangi'pt line are 
approximately ji^portional to the square of thidr distance's , 
from the taugciiit point. 

•Thus if vve take a pMctical example instead of the 
purposely exagg(?ratf*d diagram (Fig. 5), the distances A //, 

^ A J, AK, Ah will be very nearly* in the proportions 1 , 2,* 

* 3, and 4. , » • • 

• • 

The squares of these, tiumbers are 1 , 4,«9, and 16, and 
the offsets will be found to be approximately: — 

C^a ~ Oi X 4 

.Og *=*01 X 9 
O 4 == Oi X 16 
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AJkthod J) (Fig. 6).* By a series* \)f offsets or ordinates 
}rom a cUord, located at eqa^ih disfancifs along *ihe 
chord. 



The l^ndius Unci F.hord being given, llie Vers(‘(l sine 
"niay be billcubited froni^Eule F 7, and the Ordinates (0) 
^froin Rule (’ 12a or (- l.‘b 

If l!ie Half chord is (I'vidcd into fourths, as in Fig. 0, 
the^O’s will approxiiyutely bo: — 

Oi of V 

•• Oa = 2 of V 
Ojt of \ 

« 

7’his is because the offsets from the tangent, as shown 
in yiolted lines, mcreaj=^e nearly as the square of their 
distance from B. 
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CtlAPTKn vn. — CURVE PR0BI4:M3. 


CHAPTER VII. * 


]>R()HI.>:MS in Sl'Xl’IN'C. OU'J' and DKAXTINlI 

. ClROUl-AB CURVES. 

Ill till' out and* dr«iwii *‘1 of circular curves to 

fuTfil (Irtinitc purposes, the goometi’ieal facts, the curvo' 
mil s, au(i the detail processes of s<‘tting out, discussed in 
th(‘ preceding chapk'rs, will be largely^ brought into service. 

Some of the problenifi nia\» be considered to be of an 
advanced nature t(j th(‘ average reader, but he \\ill*soon 
recogmise tliose probhans which will ])r<^ve useful to his 
naiuirenit'nls, and bt' within his eapahilities. ^The •inore^ 
advanci'd problems are ineKuled ti) nmdiT the seiVs com-* 
]>Iete, and it must be lU'ted that all tlie ]>roblems in^uded 
are ^iabltii^lo confront the designer in tlu‘ preparation of 
plans for new work. * ^ 

, Conditions neicessary to fix a Guiive. » » 

In ordtT that a simple circular curve may b(' delined, 
so as to be capable of being set out on.the givunrl or drpwn 
on pa[)or, thhn' must be given three' C(jiidition^4,i*or requirb- 
na nts, which the curve must fulfil. 

These condiiians, any one of which may go towards 
defining the position of a curve, art' as follows: — 

P. 'I'he curve must pass Ihrougn a given point. ^ 

L. ,, ? toucli a givt'n straight iint'.. 

('. ,, ,, touch a given curve. 

R. ,, ^ ,, be of a given radius^ 

It may be mentioned, that if four conditions are given 
which a curve must fuHil,*ii will be a compouiid curve; 
that two curves of different radii tangential to one 
another. • " 

Each of the conditions •will be represerAed^ by an 
abbreviation consisting of the letter preceding^it in*the above 
list. “ • 

Of the conditions, one, two, or all three, may be taken^ 
from either P. L. or (3. I^r example, a curve will be 
defined if it is stated that U*must*: — 

1 . Pass tlfrough a given point. 
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CHAPTER vri^ 


2. Touch a givem line. i| 

8. Tovich a giveji curve. , ^ 

The problem of drawing such oi. curve wilt be siiot-tlv 
fhaioted thus, P.L.C.'i ^ ^ 

^ To giv^ a practii a] illustration* of one of the problems: — 

FIG.liD-l.* 



Tlie Iint‘ L L in Fig. I represents a straight main line. 

A cui:ve of given Kadius is* required to be tangential to the 
Iii\f‘. that is, to spring from it or touch»it, and also to pass 
tlirougb the poin^P, iS feet away from the building shown. 

Her* Vo have a iirotdem which b}' the notation adopted 
is represented by “P.L.li.** 

J\y taking thre(» given conditiofis in ever\j poj^sible 
inannert problems 16 in number will arise. Of those, some 
will have two or three •case?, because of variety irf' the 
relative position of the given points, lines, and curves. For ^ 
instance, a given point may; be eitlicr in or out of a given ' 
lino or curve. 5Vs an example, the problem P. P. L.*' may 
be i^*present^cl by eitli(‘r of the sketehos' in Fig. 2, where a 
curve is reqifired to pass through two points and and 
to spring froqj a. line L L, Tii one case the point P,"is in 
the line, and in the other case both points are out of the 
line. 


ncm-2. 




V? 


VP 


i? 


Tlic of the three condition pAblems will be: — 


Prob. 

No. 


Pfob. 

No. 


firob. 

No. 


Prob. 

No. 

• 

• 

1 

?1>E 

fl 

•5 

PPR 

• 

9 

LLL 

13 

COR 

2 

LLP* 

6 

LLR 

lb 

LCR 

14 

GCP 

3 

PPB 

• 7 

PGR 

11* 

1 

PPG 

16 

GO L 


PPL 

8 

PLC 

*12 

.LLC 

16 

CGG 




00 






curVe problems. 


Solutions of man* •of these problems are ipclMdcd in 
the^text bgpks on GecAnetry, but- uSualty the prcpedure 
therein depends upon the centre of the circles being avail- 
able. •This rartly occuri# in railway work. 

Some pf the problems seldom, and others never, occur 
in practice. •, 

Solutions will be given of Nos.'i to 11, omitting the 
remainder as they are of ar; intriedt^ nafurc, and are not 
liktly to arise in actual work. 

It will be noticed that usually, tlje required curves are 
shown to spring dlVect front a given line or curve. If a 
switch is to inteAi'ne, tlipn th« given line or curve must 
be taken, not as representing the main rail, but as ef line 
parallel thereto. * 

'riie " shift ” (jr distance of this parallel lin§ from the^ 
ivul ma\, for all practical purposes, irbo taken as half the heel 
ilivergence of the switch, or usuallv 2i; inches. , 

If it fs desiri'd to allow for a trausUion curve, a parallel 
line .must again be worked ^to, ihe “shift'" in tliis case 
being in accordance witli tlie rules for transition curves. 

To avoid repetition, the foljowing symbols and k'ttering 
will bo used as far as i)ossiblo : — * 

Pi, Pg^ Given points. 

A B, rD — Given lines. 

E F (r, H fJ K- Given curves. 

• R:- Radius of a required curve. 

R- = Radius (if a given curve. 

3 . * 

d = The l(Nist distance between a curve or a 
point, and, a lino. . 

m, n, ^ = Other distances to bo^jsneasured or 
calculated. 

• - .0 

Gjven and required lines are in full. 

Auxiliary lines are dashed. • 

Extra lines to show, an extension of a ^obiem are 
dotted. « * , • 

The Rules and Theorems to Vhich reference is made, 
are those of the preceding chapters. The, propositions of 
Euclid are referred to thus, “ (III., 36).” * 

The. Curve Rules pf Chapter VI. and Tables 28 and #24 
are denoted :-•• “ (Rule C7).’» 
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CHAPTER VII. ' ■ 

Problem No. 1 (P. L.* & R.) . Case* (l) : P. In L. 

Tlis case is 'dealt with under iCl^thod A of ‘Sotting <^)ut 
Curves (Chapter VI.). i 

^ ■ f 

. Problem No. 1 (P. L.& R.). Case (2): P.not In i;*. (Fig. 3.) 



l^iXAMpr.K. — curve *of* 200 feet radius is required i.o 
spring fioni th(* given June AB ami* to pass throiigli,, the 
Point I\ • 

• t 

PnoeEDURE. — Produce the line *1 B to E, slightly past 
poiRt B. Measure irti- least disiauee, P/C — d, 1[)etweeu the 
line and. the pokit. Suppose*d-30 feet. 

• •I’o hml iiie poiiiT B, from uhifb the* ciirviv will spring, 
calculate a lAigth P B, using d ami the given radius. 

Peferring*to Fig. 3, d is a V<‘rsed sine for a Sub-chord 
= P7F 

^Therefore, P7J*-- ^2 X d x R (From Rule C 17.) 

• V'ii' x' 30 ~X~ 2b6‘ 

^ ^'42000 

109-5P or 100^ 

From P measure this distarteo to cut the line at point 77. 

. It only remains to .^C‘t out points in the curve between 
B and P. 'I'he most practical mtdhod will be to set the 
points l»y, * quartering.” , S</ring a line between B and P 
and make the hrst Vi^rsed sine equal to -] of d, or T 
ami proceed in accordance with Method B (Chapter VI.). 

• The dotted lines show how thti curve may be extended 
beyond point P, if required. • A point F is found, being 
op^)osite J, w'hich is the" centre of S P. F B then = FP. 
Produce F P to G, and mak# P H — D P, and* G 77 - d. 



CUlt»VE PROBLEMS. 

Problom No. 2 (L.'L|ft P.). Case. <1): P. In L. . 

^ This is dcnlt t;’ith under McH-hocl B offsetting out 
curves (Chapter VTV)* 

Probfem No. i (L.L.&*^.). Case (2):'P.-not in L. (Fig. 4.; 





ExAMpr.K. — A curve is required to Join the twQ» given 
stniight Jiiies A U and (' />. Tluv curve must pa^ through' 
ih<' tixc'd point P. ^ * , 

• •• . 

Puot’EuuRE. — ProdiuH- the given lini's until they meet in 

point P. o ’ 

Find a point Pi, syminetricaP with P. This tnay 
l)e done by measuring PE arfd PF, and making KPi and 
FiZ^t i*e«pectively ^qual to them. ^ a ^ 

Draw a line tluough Pi P to cut lino ED at G, and 
inoasuro P^O and PG giving say 8.*!' and . 

The pojint C, from which tho curve will spring in the line 
ED, may then be found, because G(*[h eu tangent from ^loint 
G and GP^ is a secant line f«'oni the same. ^ 

Therefore, GC = PG UIl.,36.) 

• = v''83“x“23 

= ^ J909 

= 43 £ 

» * 

Having fixed point C, fix^ioint B by ^uakir,^ EB~E C. 

• • 

The curve may then ’be set out by Method B, Chapter 
VI., the Versed sine (V) for B Pf and PC being { FF. 

'J’he V for length l\P may bo obtained from measuriiiiK 
a V for this length on tlig j^ortion of curve already set out, 
or from the Eadiiis. 'The Radius = Z* 2FF. (feule Co2.) 
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CHAPTER VII, ‘ . 



Mcnsurc P G parnflcl to E H which letter is the bisector 
of angle J E D, and also measure P K frorn^P to the bisector 
of angle A E D. • ‘ 

* Suppose PG =23' and PK = 30' ‘‘ 

« 

- Thelangttnt line, GC ^ ^ GP 1<”(GP + 2KP) (III., 36.) 

= V^“x JglTTxIo) 


To find the Radius of tfie efirve, measure E C. E H, and 
H 0^ whicli suppose =*1(X)', 00-4', und 25-2'. Thc*ii : — 

• = T Tad * (Rule 0 36.) 


That 1 


= 100 4 - 
. 50-4 

= 100 X 

25-!s 

= 200 ' 


We may^isqtice that GC may also b(3^9et out towards 
Ej as shown by^Cj, in which case we should obtain- the 
smaller curve shown dotU^d, which, though it touches •'the 
given lines and passes through the point, is obviousl|r not 
Mio curve required. Thi? is one of the many instances of 
there being »iore ^han one solution to a problem. 

If the points E is inaccessible, ‘reference should be made 
to Problem No. 6. . y • 

■ .. 1 .. * , 1. 1, . f 

• * Dividiilg hy Tii^' is the same thing Its multiplying by twice the 
Centre Liif'e (see Cliapter XII.), of the angle of intersection, 

wbveh in turn irthe same as multiplying by the Right Angle Measure 
of naif that • 
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OURVa PROBLEMS. 


Problem No. 8 (P. R.). {Fig^ %) 





Example. — A curve of Kadius = ^ = 2(X) feet, is required 
ta.pass through the given points and P.^. 

Procedure. — Measure the straigbj} line 
Suppose this^cliord (C)=150 feet. 

Calculate the Versed sine (X^), for the chord C: — ^ 

V - R - V R^ - (Rule C 7.) 


- 200 - ' 200*-^ - 7ryi 

. 200 -i V' -loo’od" ^62‘5 

200 - ^'34375 

- 200 - 185 - 41 ' 

- 14 - 59 ' 14 ' IV 




Bisect th(' chord P at D, and set. up 
•14' 7i", at right angles. Other points in the 'S-rvi* may 
s«’t by " quartering." 

ATsually it will be near enough to obtain V by Ruh> 
C8, via.:— V = (4 C)S-r2E. ' ' 

The dojjted lujes show lit)w the curve may, bo extended 
by the method shown in Problem (1), Case (2) 

Problem No. 4 (C. P. & L.). Case (1): P. IpJU. (Fig. 3.) 

Example.— Referring to the diagram o^P^obleIu No. 1, 
a cufvc is required to spring from . the given lino ABe^t 
point and to pass through the point P. 

* ProcbdureJ^— P roduce the given line AB^to E, and 

measxire the leaat distance K F fsom this Hno to poitit P. 

The curve may then be set ouVby “quartering," the 
first Versed sine being J of E P (approx.). 


■» ^ 


Far the radius of the required curve : — 
R=t..pj3i.4.twice KP. 

" , i 


(Buie C‘a.) 
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RAFTER VI^. ' _ 

Pfoblem No. 4 (P. P. L.) . Case ( 2 ) : not In L. (Pig. 7 .) 



L 


l<^iX AMPLE — A curvo is r(*quired to spring from the givch 
lini' A B pud to p.iss thn)ngh tho two givpii points nnd 
^ Po. 

J-VioCEDURE. — Tliroiigli ^ and l\ draw a lino to inter- 
sect production of tlie given Jim* at fA 

i\r.' asuije C Pj and ('P./, suppose they are 20' and 130'. 

^ A 

For tbo distance B from C to the springing of the 
curve . 

/iC = \^CP[~x~'4P2 (ITT., 36.) 

=-■" V 20' X 130 

-''2600 

' *« 

'rh(' curvt* may then Ix' set out as in Case (1) or as in 
. Problem Xo. o. 

For the lladius, nu'asnre d and B P^Ahen; — 

d. (Rule C2.) 

Problem No. 6 (P. P. P.). (Fig. 8.) 



EXAliFLE. — A*" curve is required to pass through the three 
" given points Pj, P2 and Py, 

Pbocbdurb — J oin the points and Ps and measure 
the square distance, AP2‘t from this Ime to point P2. AP^ 
will.be a “ Side ordinate”. ' Also measure the chords Pi, P3 
and* P^, P3. , 
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of the^requi 


The radius 


[uired curve will be : 


K = 


• 9 X 
_ 53-3 X 160 


(Rule 0 8.) 


^ X 20 
= 200 ’ 

' * 1^ m “ 

• Tilt* curve may then Be set oi?t by “quartering,** th^ 
lirst Versed sine (V) being: — 

V —•(i Pt P^) ““^21? (Rule C 8 approx.) 

?= 99 -OS* 4i)0 


= •24 -51' 

■ i SS V 

Alternatively the V may be calcuiatcd by fhc exact 
Rul( C 7. ■ . * • . • 

Otherwise we inay calculate an approx. V frqpi Rule 
(!p|; th<*n measure and liricl V, thu.s ; — ^ 

. m ‘ (Rule C9*) 

Problem No. 6 (L. L. R.). (Fig. 9») 



Procedure, — Produce the given lines until one crosses 
the other. In the diagram, ID /) is procJhced tCk crossing 
the production of -4 B at* E. 

Bisect the angle B EF hy line E G. 

• o 

Along E G measure any length G E say 60 feet, and 
measure a square distance G H* to the line B E, Supjposc 
GH-33'4'? 


D 
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Thu length of a* tangent lindj E B, can then be 
calcuintod : — ^ , 

EB = Ra^dius (Rule C 44.) 

== 200' X 

50 

= 1 ^' 4" 

=l ‘ ^ 

Make EC — EB. B and C will be the ends of the 
curve, and it may be set out by Method B, Chapter VI. 

If the given lines cannot be produced until they 
intersect, then linos parallel to them may be used to find 
the miersecting angle* and the tangent point, as in doited 
lines. 

Problem No. 7 (P. C. R.). Case (1): P. in G. 

At the given point draw a tangent to the given curve. 
The solution then lioeoines ^lio same as that of Problem 1, 
Case 1. 

Problem |To. 7 (P. C. R.). Case (2) P. on Inside of C. 

(Fig. 10.) 



Example. — A curve of Radius = R = 200', is required to 
spring fromitne givnn curvocA’BC, which has a radius = 
"'Rq^SoO', and to pass through the fixed point P. 

PnocEDUUB. — Measure the least distance d, that is PB, 
beiween the point and the given curve, and mark point B. 
Suppose d — 50'. 
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Calculate the difluinof3 from B to,the springing point A 
of •the required curves— * • 


CURVE PROBLEMS. 


Ali =- 2Ro X \/^ ~»1L- 

_ ▼ jT» /y-i Tt I 


4jlc (Ho - R,-'d)‘ + 4dR • 

- 600 X / ~50~^4q6' - 5P)~." 

1200,(300-2Q0-66) + (4x50X200) 

600' X \/ 


17500 


(1200 X 50) +.40000 

= 600 V 1^00 . 

^ 100000 . 

- 600 X ' -175 


--- 600 X -418 . 

- 250-8' 

== • 

The fioiiit .1 may then be fixed, s\iul the eiirw set out 
from a chord -IP. * 

• - • 

Problem No. 7 (P. C. R.). Case (3): P. on outside of C. 

(Fig. 11.) 



Example. — curve of Radio's =R= 300', is required to 
spring from the given curve ABC, wbich has % r%lius=Bo 
=200', and to pass through the'fixed point P. * 

• 

Procedure. — As in the last example, measure d, which 
suppose = 50'. • • 

*• 

' In this^case calculate the' distance from P to'dihe 
springing point A of Jhe curv«: — 



CHAPTEft VII. _ ^ 

' AP ='2Rx \/ li2Sc.±i) 

4 K (tt« - KJ 

=i 600 X \/ 

1200 X 100 

= 600 X a/ 2‘^.‘500 
« . 120000 
- 2^’ 

'Jlie curve mav then be set out from the chord A P. 

The rules for A B and AP in Cases 2 afud 3, have been 
obtained by principles beyond those explained in this book. 

The procedure is as follows: — 

Find tilt"* Cosine of the^ angle 2 D, in terms of the three 
known sides of the triangle PP E. 

From*Cosine 2 D Obtain Sine D, then in Case 3: — 
GptR^SinD 
and .4 P=2x 6' P. 

,, « 

Problem No. 8 (P. L. C.). Case (1) P. in C. (Figs. 12 and 
13.) 
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PjiocKDTTiiK. — At P (|nuv (\ tiiiigcnl C4^ to tlu* 

given curve, mikI cutting thf given line produced at point (\ 

Measure C P and make C B eqiftil thereto. B \v;+l bi' 
the comincncc‘nieut of requked curve. .The cqrve may 
then be set out and its radius obtained in ^iccorclance with 
Method 13, C’hnpter VI. ^ • 


Altomative Method. 

Find the points K and D where the given line and curve* 
arc at the least distance apart. 

Draw a line through P#iid D, producing it until it cuts 
the given line at*a point B. * 

B will be the other end of Jthe curve (III^ 11a), and 
because B 0^ i« parallel to D O, we may find the radius, 
thus : — ^ 


Ji 
Eo 
R = 




Bo X ™ 


PB 

Pi> • , 

The same procedure •applies to both cases sBowm on the 
two diagrams (Figs,, 12 and 13), •whichever method is used. 


Problem No. 8 (P. L«C.). Case (2): P. In L. ^ 

Example. — Referring^ lib Figs. 12 and .13, a curve is 
required to sj)ring fr<5m a given ^int B in the line A B/<gand 
to touch the given cu^ye DPP. 
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t ^ ^ - - — 

Procedure. — Findj, the line K Z?,. where the given lino 
and curve are at ‘the least distance i?.part, and ^tntirk the 
point JJ. ‘ i 

Draw a line throiJgh B and D, producing it until it cuts 
the given' curve at a poa\t P. t 


P will, be the other \!’nd of the required curve.*(ni., lla), 
and its Radius wiirbe:-^ 

B = Ko X 

. PD 


Problem No. 8 (P. L. C.). «Case«(3): P. not in L. or C. 

(Fig. 14.) 



Example. — A curve is required to spring from the given 
lino J C G A, to pass through the fixed point P, and to touch 
the given curve HDK whose Radius — .R^. 

Wr ^ 4 

PuocEDL'TiE. — Find the line DQ which represents the 
least distance between the given line and curve. 

Produce the line through D and IJ to cut the given lino 

MQSBure DC'«d=eO', >»i>=-e'=62VJP=^=117', and 
B^=S}o6'. 



CUnVE PROBLEMS. 


• r“k 

Then the distanW m = JG: ((J, being the springing 
pojnt of tlje required curve) may be fcund, thus; — 


m 




= v'llT X 5§6 

= v'66222 



From J loeati* |><nnt by the distance m. 

'rhe other ctk^ H of tlu) required ciirve, niiniely "where 

it touches the given curve, may ho found by producing* the' 

line through C and /) until it cuts the given curve at a point 

1/ /iiT 11 ^ n . • , Lr #2 X Ro X d ^ • 

H (111., llah or oihtTwisc, I) H - — 

# 

To find Uie Radius (R) of the rt»quir(‘d curves because 
in 4he triangle G H 0^, D Q is ^rallel to (7 0^, 


Therefore, 


R 

Be 

E = 


cm 

*D}f 


(vr.-2.) 


Ro X GH 
DH 


The curve may then be S(‘t out as in Prol^lem 5. 

If the pcant J is inaccessible, J G may be caJculaU.*d by 
trigonometry, working from the truingle* P, the sides of 
which may be measured. ^ * 

The solution* given above is arrived at by fniagiiiing (' D 
produced through the centre of the circle to b], and an 
auxiliary circle jjescribed through*the poiiit.s C F^J ; tluai ; — 

(II-Ms.) 


(III.-36.) 
but. JF =!* JP + PD + DF 

, .7G*= ^ JP X {JP + PD + 


DFx PD = DC>< DE 

rtjp-DCx DE 
DF 


Also : — 


_ DC X 2Bc 

JdT 

» 

JG = ^JP x*JF 
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Problem No. 8 (P. L.'Q.). Case (4)1 P. on the line which 
represents .the 4east distance vbetween the^ given lyjne 
ibd curve. (Fig. 15.) • 

i. In Case 3 is illustrated what AAy be termed a general 
case of l?roblem 8, b\it the special c.hsg now to be dealt with 
"is, more likely to occur fti practice, * 

ExA^iPi^.. — Fig. 15 ’^hows an example wliere a curve of 
400' Radius (R^ ) springl from a-siraight, in a double line of 
.^Yailway. 

It is desired to widen the space betwet‘ii the roads from 
6ft. on the straight, to 7ft. 3in. an the* ciH*ve, to allow for 
ovcrth,»’ow of vehicles. 



'fho same Reference letttirs are used as in the previous 

ease 

Procedure. — First decide where P shall lie on D C, 
thus fixing e and f. .TheVi because f + e = d wc have by the 
previous formula, ^ ^ 

, m = \/ f x.|d + } 

Neglectmg->1\^ first d, ^ 

m = f X d X 
. 0 

Nflw <3 = (Rule C 1 approx.) 

* 2f ‘ , 

So R = ^ X i 

e 2i. 

d X Ro . 



e , 
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In the example 
therefore, 


i: 


CUR*VB PROBLEMS. 


have f as ^«of d, so o is I d, and 


m*= X d Ec 

= •'^6 X l-25'x*400' 

=* 54-77 ' (in ijie example.) 
X 4 • 


R = Ro 
= 40Q X 4 


= * 1600* (in the example.) 

The point of contact with the original curve may be found 

as in (aise — • • 


Dll = X d- (.^ppftjx.) 

• »' 


400 X ^25 
'54‘-77 


= 18 ■ 3^ (in the exarnple.) 


'lo Slim up, \\ (‘ find that by commencing at a distiince of 

X (i*X Ec from lihe tangent point, and laying the inne)® 
rail of the ()ft. to a radius of four tinfes that of tl¥‘ original 
curve W(' obtain J of the increase of space at the original 
tangent pcfini. • ^ 

Similarly, it may he slx)wn that by^ commencing at 


"^^2 X d X Ec and using a radius of 8 X wo obtaig i of 
the incnaise at the tangent point. 

It may be noted that a transition curve would form a 
better, though not so simple a solution. 


I'he clearance betwc’on vehicles on* the adjacent roads 
must be tested by travelling outline diagrams of the longest 
and widest cotKjJies in use, over the plan oj the roads as 
arrived at by any of the above methods. 



t 
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CHAPTER vn. , ; 

Kxample. — A cur\«ii is rcquiml ♦(f be tangential to the 
tbn’e given 'lines A B^eClD, and E F, 

Pnot-E’^URE. — Produce the two (Alter lines until they 
inh^rsect th(3 production of the inncf'cline at Q and HA 

^ ' t 

Measure the tangents of the half angles of intersection 
vD I and 1 ) 2 ), or obtain their Eight An^e Measure.-(Chap.Xri.) 

The PaAiiis of ^he iurve will be : — 

11 =- GH (T4n Di +*Tan Do) 

* or Jl ~ G H X the sum of the Bight angle Measures of 
the angles Di and Da. • p 


In the example 


E = 28«' -i- + iJI) 

VlOO 100'' 


= 288 


9^ 

Too' 


be : 


The (distance Ti, from G to, the springing point S, will 

• Ti==Ex'TanD^ (Rule 0 44.) 

or Ti =' R -T- Eight Angle Measure of Dx 

' ^ * * 56 

Tp= 300 X - 168' 

100 — 

Similarly, 

T 2 ^ E *'X T an D 2 


^2f 


300 X. i?- 
100 


120 ' 


When the distances 1\, and are set along line G H, 
thc> should Q, the point wdiere tho curve touches 

the middle 

Other points in the curve iriay be set by methods 
already explained. 


The proof tof the^ solution is /is follows : — 

^ * Ti == E X Tan Di * (Eule C 44 .) 

Tg ^ ExTSn Dg „ 

addition Ti -fTg = R x (Tan Di+Tan Dg) 
but Ti+Tg = Oil (a kno'wp dimension). 

/- R == GJT ('fan Di Tan Di) 
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CURVK PR6RLGM9. 



Exampi.e. — A curvi- ,of radius E--3<)()' foqCliroTTto 
touch both iho "jvcn line AB and the given curve DEF, 
Eadiii8*Rc 200' * • - 


Pitoc'^UH’KE.- -Produce (lie givi*n curve until iiw least 
distance, (j H~d, from the lyie, can bo measured. Su*)pose 
d-30'. 

To find the springing point J of the required curve, 
calculate the; distance J (r — m, using fhe right-angled " 
triangle Oi O 2 K. , 

• " 

. m = y (OTO (O; X')'’ (I.r 47.) 

= v'(R - r;)» - (R - iio - d)“ 

=% '''tr(2ir-"2i^"^ d)' 

=- v'3o‘sr(|oo'-'lw~30j' 

= '"30 X 170 

= ' ^00 
= 71 4' 

The other end of tho curve may be found by producing 
the line through J H*untint cuts tho given curve at G pflint 
E (HI., 11q), or alternatively; nfter measuring or calculating • 
“ 107 


OHAPTER' vn. 


J H, because in the triangles J 


HO.:- 


— 

0^ 1 \ J 0^ is » 


parallel to 


HE ^ Ee = "JH - (B - Et) . (VI,— 2.) 


HE 


= JH 
g E ~ Be 


^ 200 X 77*45 t 

i . 100 

*= lp4*9' 

=.'■ JC- ■: ^ 

Knowing the chord J K and the Radius, we have 
information to s(?t out the curve. 

* A 


Problem No. 10 (L. C. R.)., Case (2) (Ff^. 18): Required 
•curve of less radius than given curve. 



This case may he sblvcd in n similar manner to the 
above, but: — ^ , 

m = e^2"Rc - 2B - d) 


J TP R JH 

- bT- E 


C 


Problem No. 11 (P. P. C.). Cese (1) (Fig. 19); GKren 
points to outside of given curve. < 

FIG. CD- 19 



CniVE PEOBMaiB. 

Example. — A. c|^vo' is required to pass through the 
points Pi and Po, and* to touch the^given curve EFQ, the 
r!4dius of ^vhich is ’^OO , 

tPuocKDi'RE.— Sel^^oiit a cufve Pi HPn oT tiie same 
radius as tla* giv(‘ii ciu‘v<‘ but to pas‘^ through points P.i^ 
(Prof)lcn* .S). 

IVodiKJMj this curve cut Uu‘ gw^eii curve tjt J . 

]hsc‘ct the angle V J lulwefn the two curves by the 
Tine J M. The tinely <lotted lint s show how this may bft, 
done . 

• • 

Trodiict' a Uiu' through to cut J M at 7v. 

Eruin point K draw a tangent ttaiching the given curve, 
at F • 


Note that KF --- \ J<P. x •/rp/ — . 

F will l)(‘ the 1 joint whert'. tlu? required curvo^toueh(‘S 
tlT'‘ givfii ('iirve, and th(' former uia\ be set out by t)roccdin1^ 
(.jf Probh'iii N<j a or No. -I. ^ * • 

'fo <Jjtain the Kadiiis, join and measure an 

ordinate 0 from line FI\ to P^ then : — * 


^ X 1\1\ 

2X0 


•(Rule V 3.) 
*» 


Problem No. 11 (P. P. C.). Case (2): XSlren points to 
inside of given curve. (Fig. 20.) 

ELqjmzRo- 



The procedure is exactly as iu tlie^preceiing case. 

It may he noted that in either of the above cases, 
another cuijvc' may be drawn, ^passing first through one of 
the given yjoints, nexj touching the circle, :xiul then passing 
through the other given, point. Such a curve will not 
usually be required, • 
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C«APTB;if VII. I I 

ImproTement and Rd>fUgninent of Iffistin^ Curves. 

I 

With f ho exjeeptfon. of certain* problems ipcluded , in 
(’Impte^ X., this subject ^wil I not be sf)eciiilly dealt with, as 
Jt is considered that if a curve hfWi#become Irregular •or is 
otherwise faulty, it should usually be re-located on the basis 
‘that it must fulfil certain conditions'^, probably the same as 
it was oriofiqally inten(i?d to fulfil. The procedi:re w'ill thus 
be the same as in flie s(^ing out of a new curve and will be 
covered by one of the preceding problems. * 

.In tbe maint<‘nanf(‘ of track it is important that the 
Vi rscd sines taken throughout the length of^a circular curve, 
on overlHp])ing chords, should he maintained as nearly equal 
as possible. In the ea.se of transition curves, permancjit 
iriarics or “monuments” should bt* inst«aJli‘cl to indicate 
fhe Turroet position of thf* rail and super-eK‘vation. 

* f ^ 

111 manv cases, the method of ^Ir. W. H. Short t 
^‘X])lairv^d in the Proc. Inst.C'.K., Vol. 17f>, IWO, ‘may * he 
i-iu|)loyed« with advantage the re alignment of exisliu^^ 
curves. Hy this method a “ chord survey “ of the existing 
work including the obstructions and clearances, is plottrd 
to a distorted sctdi* so that slnall irregularities may easily 
be det^^cted. Mr. Shoutt's method has bevn largely us(‘d on 
^thc'Ti. and other Eailwnys, and it has been 

developed to a halier extent since the. paper was written. 




CIIAPTEU Vlll. — UEVEttSE* CUftVES. 

*1 • 

CHAPTER Veil, 

REVJ^ESJ-: A^y) COMPOUND CUEVfis. 


• UKVUJiSi; CURVE liEOELEMS. 

Rcverjsw' curves arc of froqii(*ii| occurrence in railway 
practice; for cxaiiiplc, where tri^pks ate diverted to run 
ijlongside platforms or ovl^ tempofiiry bridges, and in the 
eonnecting of two adjacent tracks. 

A length of g;traight should inUn’vcne betweem reyers«‘ 
curves, dependin^g upon the space available, and the nature 
of the trafhe. The rnininiuiij^ length of straight should be 
l<aig enough to contain fill the wlieels of the longest fixed 
ulieelbase, though it would be luster to contain alf the 
\\l'ieols of the longest vehicle. •As an idtad, and'-’wtTCTTT' 
considerable sjiec'ds obtaii'l, the Jength should be sutlicient 
t(^ allow Jor trarisitj^m curves, wdlh a gradutil reversal of the 
.su})er-eTevation due to the circular furv<‘s. It is believecT 
tl^at in no pn^vious treatment ri'yer^e curve luhbleins by 
calculation, has the straiglfl haigtli binai taken into account. 

When the straight is absi‘nt, the curve is nanll‘d a 
“ pirect Iteverse.” • 

Pmb. 1 . (Fig. r.j Direct reverse* curved equaf given 
Radius (R), to Join two parallel llhes at a given ^ 
distance (d) apart. To And the further requisite, 
dimensions for setting out. 



The point of reverse in curviTtnre. E. obviously lies h.'rif 
way between the given linos jmd half wa^’ bctvsv'cn A and D, 
which will be the tangent pi^ints. • * 

A E = ED "= the Sub-chord ) for an arc of which ihe 
Rridius- li.'and the Versed sine='-^ d, then: — 

c. = J (Rule C 17.) * 


CFfA^KU VIII. 

Locate the springing points ,4 |{|nd* D by ‘the skew 
distauccf between theni^ A D — 2 x and bisc'cfc it at li. 

In sV tting out ’the curves, use the chbrds .4 K'arid E IJ, 
faking; ^ ^ j (appii^x.) 

or list* tile (‘xact Rulc'/Xo. C 7. 

4 

If required, C-.i/?” 

.V *' • • 

Prob. 2. (Fig. 1.) Dioaot reveise curves as in the last 
problem, but insteM of R,‘ the length C is given. To 
find R, etc. 

^ d is a Ver.sed sine* for the half choivh J C, so : — 

, B = * (From Rule C 1.) 

I’he curves luiiy then be set out as in the last problem. 

Prob. 8. (Fig. 2.) Direct reverse curves as in Prob. 1, 

but of unequal Radii (R^and R„). Distance apart 

ot parallel lines =:d. ' • ' 

( 



I’ho springing points and D may be located by the 
skew distance between them"^ A D, or by the length A B. 

= ^2d X (Bi+E*) 

AB = Vi x" (2 R7+ 2 Ra~ d) 

• otherwise A B = V — i^ 


To fin^ tltl* reversing point F ; divide A D into two parts, 
JO that one p'art is to the other as is to B,, that is ; — 


D E ^ El 


AD-DE 
:.DE = 


B, 

ADXS^ 
Bi+ B, 


112 



REVERSE CURVES. 


Along DA mark DE; thentV, amd may be 
measured and the curves^ set oat» usib^ Versed sines, and 
Va=*} of V* and Vg respectively. ^ • 

It^may be ftoted thakV^ : Vj= : Rg and because Vg= ^ 

^ . Y - ^ 

Pkoov. — F irst find S 0^ = C D frfifti the triangle’S 0^0^, 
then find A D from the triangle A*0 D, Next note that 
thS triangles AE 0. and DEO. are similar, and bo DE ~ ‘ 

EA = Rj + Rj. 

Also the triangles AGE and DEE are similar, and so 
V, - V, = R^ -j-*R,. 

Prob. i. (Fig. a.)* Reverse ounres of equal given Radius 
(R), with a given length of straight (1) be^ertn 
them, Joining two parallel lines at a glveii. distance 
apart (d) . To find the further requisite dimensions. 


7V ' 

ic V — a 


i // V 

• m • 

To fix point D, assuming that A is given, oajculate m, 
which is the lengjh /I B. 

m = v'(4d”x R) + 1“-(1® * 

Next calculate the fangent lengths, t. 




From A and D set out AF and DG cach=*t. Along 
line FGy set FJ and QH als^ ench = t. JH should 
then -- 1 . 

The curves may bcp sot out from the chords A J and> 
DH. The Verst^d sine for these chords will be J of the 
distance of J from the* line A B, or Rule C 10 may be usai, 
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CHAFTBB VUr 

Proof. — FwDm Ri-. A. triangles (Ht* E and Oi^HE, obtain 
sides O E from know;) kides marked B and \ 1. Then from 
Rt. A. V^riangle OiO^S obtain Oi S =iq.‘ • 

Tho derivation of *the Rule t is i^io lengthy for 
inclusion. c 

* r 

Prob. ft. (Fig. i).)' Reverse carves as In the last problem, 
bnt'lnstsad of^i^ Radius, the length* (m) of the 
curve, over all. Is given.' To find R, etc. 


From the last problem: — 

m== (4d X R) + 1®- d\ 
1 in“ — 1® + < 1 ® = 4 d X E 


that is, R “ 


4d 


Tlie 'tangent lengths^ t, arfd the Vor.'^ed sine, 
then le obtained as in Problen) 4. , 


V, may 


Prob. 6! Reverse curves of ^iven radius to join a given 

point in one line to another line appipaohlng the 

first line at a given , angle. To find the requisite 

dimensions. 

' < 



nioasurod. * 


flase 1. (Fig. 4.) Let be the given springing point. 

' Measure the distances bt)ia?'§pn tho lines, h, square to 
L'N- and b, square to .4 E ; also measuro p. 
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RBVERSK C^fiVEfl. 


Note that the an^|s marked E afe equal. 

. With regard to the angle E calchUite the suh-chord N D 
and the Vt^sed sino‘QjJ=^ P D, * 


tND==:%R X SineiE® 

= X (✓’^,b -r ✓ 2h )* * 

PD = NZ)*-^2B - 

• •¥ m m 

Otherwise, if P D is required^^revidhsly to N D, 

P D = 'R X Versed sine E® 

= Rx(h-b)-^h'^ 

Using and P D, fix point D. 

Then if a line D 0 i« drawn parallel to A li, any of the 
types of n'vorsc cufvc previously treated may be ealculfitod 
for. commencing at point D. I'he parallel linos will bj;.,/^ 
and CD as in previous problems. Their distandtj •apart, d: 
will be, b-i QD. * 

• • • * ^ 

It iTtay be noticed that the tYieasip'oments h, b, and p, 

are. used to obtain the ratios %f the angle E. a better 
meChod is to obtain thetrj%v a line parallel to LN and 
cutting A If, but the above method isf used to simplify the 
(‘xplanation. • , 


Case 2. (Yig. 5.)* Let the given spftnging noint N be'at 
the end of the curve further f^m the Intersection of 
the given lines. 

n 

Referring to Fig, 5. the e-\planati(yi for Case 1 will 
apply word for word. • 




CHAf>T:fett Vlll. 


IHWl 

lin&. 


itiree of Radius, 


P*ofc. 7. (Fig. 6.) pirdot levanal _ _ 

td Join a ^TenjKil{it .i:lii a lma.4 Q, .to a i^ven point 
iV In a second line Z.A^,.apphj^in^ tb«*flnt liiv» at 

a ^ven angle E. « To find Uie Radius, etc. 

‘ 

This and the stccetSding problem are the* most difficult 
of the ‘series. They trcquently fifise in practice and are 
often solved by trial on a plan. 


FIC.Vm-6. 



i^ir.*>t men sun 
lenfeith I 4 N,- z. 


the 

Then 


cross nidtlis li 
- , = Cot E. 


and Jv, and^l’ho 


a Next calculate tiu' distances x and y, fro#ii the given 
points, to th(* iioint J, where tlie lin(‘s would meet if 
produced. 

y == f X Cot E, or -- -- (' 
g - k 


X k X Cot E, or ^ ~ 

. • g ~ k 

■p_. / 1 (x"+y^) + (x + y )^ Tan^ ^tE — (x + y) 

2 Tan i E 

• • 

NOTE.-*-Tin i B = ^ 

Then calculate N D and 1^1\ and fix point D as in 
^Problem 6. Bisect DA for point E, and set out the ^airves 
as ])revi()usly shown 

Piidop. — The* above solution is arrived at by finding the 
values of the sides of the right-angled triangle 0^ 0,^ S. in 
terms of the lengths x and y, the Rjidius, and the angle E. 
Equating the squares on these sule%. to the square on 0^ 0^, 
that is f2R)2, we get a rule*for R. The details are too 
leggthy for inclusion. ■ * * 
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: ' I tEVB tt^ 'oOBVBa. 

Prob. 4,- ’i.-l’ ^Te(p6‘^ii;n;|B8 fs In the last problem, 

but wftti s .Ien^h of -sbinJl^t «(1) between. ‘ To 0nd 
the *Radlus, ete. ■ . , , • * 

• * 

— { • nc. VZDI-T. , 

-u-/ 

• 

TIh* proet^lurr wiil 1)1* ;w in the* laf<t jn'obloin, J)ut 
thp Piiilc for R will Iji*; — 

^ ^ r s_. 

V^2 (x“'i-y-) — 1“ l^{ (x r t)“ -'• 1" I Tan^^E— (x + y) 

^ '“"2tan Vk ' 

^Tho procc'durt* will tlnii bt* «s in Problf'm (b 

PuouF.®— Tlio solution is nrrivod m\ on the linos of iho 
la.st ])robl(*ni, coinbincd with thoso of Problom 4. 

• • * 

rOMPOrND CURVES. 


A o.iirvo whiob is t'ornu'd of (wo sinipU* firoular curves 
bin^^cntial to each other, and of similar flexure, is known as 
a (’oinpnund Curve. , 

In Chapter YJl. it is stated that a simple curve is 
defined wh^n it hffs three conditions to fulfil, n four similar 
conditions to those ineiitinned arc laid down, a number of 
eompt)und curves may bt‘ drawn fuliil them, ind it needs 
fi\e cojidilions to be given, to definitely fin (iTi? particuliU’ 
coTinjound curve. 

-In practice it is seldom iiect'ssary to deal with purely 
<‘ornpound curve problems, because* they generally may be* 
• resolved into two of the problems in simjile curves already 
dealt witli. • • . ♦ ‘ 

AnoUier reason for not devoting much attention to 
such problems, is the fact that if wc have to spring a curve 
from a point B in a lin^ A R, Fig. 8, to touch another lin% 
CD ; then the simple curve drfiwn from B to E and 
connecting the two lines, \tdll be flatter than one of the two 


CB APTEB Vm. , _ 

parts of any corapoiijid curve spriili^ng froisi B to connect 
the line's, ,^uch as thg part B F of tne curve BF C- 
fc 



Prott. 9. (Fig. 8.) To Join-a given po|nt B In a given line 
A li, to a given point C In another given line Cl), by 
a. compound ourfe ; the given points being at unequal 
distances from the intersection, I, of the lines. 

rt ^will bo noticod tliut only four conditions arc ^^ivon, 
and that a fifth is nocossaty t(^ fix the curve. 

^ This fifth stipiiUd'ion niay be that the curve must pass 
through a giv(‘n point between B and (\ s\icl\ as P, or again 
that the rjidius of one part oT the curve max bt‘ fixed, etc. 

‘ *Such cuses may* usually be solved by applying first oia* 
and then another of the siniplc* curve prublerns of Chapter 

vn. 

For instance,, in llie first case, draw a curve springing 
from C to pass through P., Problem VI I. ”1, and then draw 
a curve springing from B to touch the first curve, Problem 
V11.-8. * • • 

If thp second curve does not touch the* first until it lui v 
passed point P, reverse the operation first drawing a 
curve froniT^ fo pass through P. One oi thes<' operations 
will usually either satisfy the cejuditions, or will as noa/’ly do 
so as is necessary. 

• If only the four conditions first mentioned are fixed, a 
suitable co(npound curve may be put in by either of the tw o* 
followiifg*methofls : — - 

METiroD A.-— Join tie given points B and C. Bisect 
angles 1 B C and I C B. The intersection F of the bisecting 
•lines will bo the tangent point of«the two curves. A lim* 
G H parallel to B (\ will be & common tangent to the tw o 
cvitves. ^ ‘ - 
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KEVEllSE CrilVES. 


Eiich curve niMv tlTen be set out* ;im shown in 'Chapter 
VI.. Method B. • . • 0 

% • • « * • 

\^KTJioD 1^. — .loin U and C\ anfl find point F where the 

throe distances F L, F If,^dn(\ FJ arc canal, or alternatively* 

it will nsuuilv be near enough to bisect TIj at F. 

• • * 

Then witji a chord B F and a Ver|ed sine, set 

on! ii curve from H to F. With the ^anie VtTsed sine s(^t out 
a curve from F to • 

The eoiiipound curve si‘t out by either method will be 
the same, and its p«rts B F and F C will have less difference 
in their radii t ban* those of any (^tlier compound curve which 
can li(.‘ drann from B to (■. • 



General Mathematical Formulas. 

Referring to fig. 0, the following inathomalj|.'fll hjrmulaB 
may be applied to solve pure compound cur^e piv^blcms. 

They are given in an* article by A. Llano, in the 
EngiiKiering News Record (U.S.A.)^, Vol. 82 (1919): — 

(1) (T,+ TJ Cot i D +^(t/- T.) (^t 4 a, = 2 R, 

(2) Ditto ditto + (Ta - T J Cot i D/=: 2 

(3) D? 
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CHAPTER IX. 




CHAPTER IX: 


CURVED TRACK, •MISCELLANEOUS DETAILS. 

The * i^i-ecedin (5 cflApters treat uptm the Oeoinolrv of ^ 
curves and their settinj^- out to ^orve certain purposes. Tluj 
present chapter will deal with detail matters arisinj^ with 
regard to railway tracks when on the curve. 

* t 

SHORT PRACTICAL R.ULKS WITIP R1'XL\RD ^I'O 
‘ CURVES. 


nc^. 




___ __ ___ y £y 



Rule C 2 given in*Chapter VL, namely, that*' the Radius . 
(R) of {i curve equaih the squan* (^f the Sub-chord (C’s) 
divided by twi^‘e thc^Versed sine (V), should be carried in 
the memory account of its usefulness, not only in lining 
out but in many technical problems. 

It shoiildTje nieniorised in the form, 


•R - 


2 X V 


becaust^ in tlbit form it is easily transposed to giVe Cg or V, 
when they are the unknown values. If we transfer a value 
from below the line to Iho other sidi? of the t‘quation. it 
goes above t>te ilne and vice verm, thub we* get: — 


V = * (Rule 09.) 

and 2 x^V X R - Cs" * or Cg •= ^ 2x VxR (Rule C 17.) . 
Two ether sinqjlo rules fo be memorised are: — 


Rule C20. — NTorsed sine on the Sub-chord = i of Versed 
sine on Main chord, or Vg = J V. 

Rule C12a. — Side orclinnjc ~ product of its distances 
fr^jm end at chord “twice -the Radius,^ or AF x FC 


I I CURVED TRACK. 

_ 

It may be noted that in many cases it, makes no 
apiyeciable. difference ifiwe take the ^b-chord and Ipalf the 
mam chord as being equal, so that if C = fche m»in chord, 
wo hftve: — • •§ 


V ^ 
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1X« Am9 

•f 


Of in words: Versed sine = Chord squared divided bv 8 times 
the Eadiu'i. 'IVansposing we get, 


C V 8x VXR 
and R - C'-" - 8V. * 


Rule IX.— 2. 
Rule IX.— 3. 




Tn the }d)ove rules all the measurements are in, the 
same unit. Jt may bo us(‘£nl to convert the r nit * a to cases 
wliere tht.* units vary, tVir instance*: — 

^ • 

If V" -- Ver.M‘d ^ine in Inqli(‘S. 

C t\ ( of t Chain of 68 feet. 


K- It ad ins in ('liaint^ 


«=«xv = ?irv. 

and H(Ch8.).-=j^-^x 66x12 
99 

R (Chs.) = -- (Approx) ^ftule IX.— 4. . 

Or in words: — To find Radius in Chains, divide 99 by the 
Versed sine in inclies on a OOft. chord. 

• * 

AVe may aJse note that Radius in (’haigs 09 divided 
by number of quarter inches in the Versed sine on a 33ft. 
chord. « 

Rti AMPLE. — Versed sine 7*]' on 66' chord. 

, R = 99 71 = 99 ^ 7*2;'5 = 13-52 Chains. 

• = • V. 

* It is useful to note that the Versed sine for 10 Chains 
Radius on a 1 Chain chord is practically 10", and that if the 
Versed sine is divided by 2 or any other number the Radius 

must be multiplied by 1!hat number. 

• 

Tables 14, 15, and 16 ^ill save labour in the calculation 
of Versed sin(*s and Radii with#various chords. 
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r- 

ENGLISH AND AMERICAN AJEASUREMENTS OF 

Curvature: ‘ ' 

Most etigineer^ including maty of those in U.S.A., 
, agree that in calculations, the Eat^'us of a curve- in feet is 
the most useful method of measurenK'nt. The custom of 
stating tins- Hadiijs hV- Chains of GGft. is so Established in 
this country, however* that if ennnot uell be altogether 
. discarded. 

Conversions of Chains to Feet and^r/cT versa are con- 
tained in Tables 7 and 8. ^ 

The method used in America and most of the Colonies, 
is ito state the curvature in Degreees*and Minutes, this 
being^ the measurement of the angle at the centre of the 
circle which is subtendecl bv a chord of the curve. 

t * 



To find the l)(‘grec of the curve wo have from 

Fig. IX., 2 : — 

8ino,i D' =50->R Rule IX.— 5. 

and • R = 50-rSine i D” Rule IX.— 6. 

To save ^labour these rules may be afiapted*for use by 
Tables of Reciprocals, thus : 

Sine jV=100-f2R' * , 

or Sine 4 =1.00 times the reciprocal of twice the Radius. 

Approx, rules arc: — * 

D°-5737^Rft. Rule IX.— T. 

R'=5737.f-D‘’ Rule IX 8. 

Degre^ of Curve = Number of inches in the Versed sine 
of a! 61ft. lOin. chord, • Rule IX. — ^9. 

Conversions o’f Degree of Curv^ to Radius in Feet and 
Chains and vice versa, are contained in Table 11. These 
conversions will be found useful in sl^udying American and 
Indian books on railway worlj;. • 
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Jl i 

I 

► BP:NJ)fNG OF BAILS. 

' • 

B%ll-head(.ft mils ^\iW generally lulapt ihoniselves to 
ourv(*s of over oOO feet radius with sliglut “Jim Crowing’" 
near the joints. Bail# for sharper •eiirvcs \viir net^i ' 
" crowing " t^jroughout their length. ^ ^ • 

Flat bottom rails being lt;ss suscbj^tible to bending, will 
nc(^l “ crowing" for curves under say 30 chains radius. 

The Versed sings for bending rails may be calculated 
by B\ile IX. — J, ijhose for the usual rail lengths and radii 
being given in Tame* 10. • 

• 

SHOHT HAILS FOB INSIDE OF CUBVES. 

• ‘ 

In laying rails on a flat eurve, ihc supply of rails of the ' 
.standard Length should be nieiisur(‘d with a shjel tauf, as 
a slight wfriation in*l(’ngth will usually bo found. ^Tho 
longer and shorh'r rails should be j^escrved for tlie outer aivl 
innef rails respectivt'ly. • 

As the curve becomes sharper it will be necessary to 
use some of the sp(‘cial short lengths usually provided for 
use in curve.s. Thr^se lengths are usually ^ to 4 in^rfies 
shorter than the standard length. With 4'inclaes decrease, 
a curve of 4‘24 feet radius will need one 29' 8'^/ail to every 
30 feet on the outer mil. With 2 inches d(‘crease, a curve 
of 1270 feet radius will need one 44' 10" rail to each 45 feet 
on the outer rail. • , 

With ciwvcs aiiarpei’ than these, rails willlhave to be 
cut for the inner mil. 

• • 

In any instance, the procedure may be ^^s f^liow-s: — 

First obtain Radius and Length of curve on outer rail. 

li^xAMPLE. — Badius, 12 ®chains-=792'. Curved length, 
C20'. Standard rails, 80' Short rails, 29' 

• The outer rail will need 620' -r 30 = 20 rails, and a closure 
of about 20'. • 

Consulting Table .17, we see t^at with 80ft. rails and a 
radius of 798ft., the nearest to that in hand, the decrease 
each rail is 2^ms. , 

The total decrease will J)e*20 x 2i' = 424*. 

1 ^.., ! ^ 

* Ain> above or^below the etandard ^gtb ia allowed by the British 
Bngineerhig Standards Assooiation. 
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I 


As^each short raii gives 4ins. decrease, we shall require 
42i-r4 = siay 10 short rails. These should of course^ be 
distributed in the curve’' at as nenj^Jy equal i is tancesi apart 
as possible. In thi% case a short and full rail may be laid 
alternately. . ^ ^ 

The, .Rules for fin^h’ng the decrease of the inner rail are 
derived thus: — * 4* 


Oui^r 

ratU 


nc. EX- 5 . 

rat! 


1 


Centre of Cirdl^ 


- — ^ ^ 



li 3 f erring to Fig. 3. ^ 

If J.- length of fjuter rail. R = lfndius of ditto. 
Gauge. d = decrease of inner rinil. (All in feet.) 

Then by proportfbn: — 

l-d_R-G 
1 " ■ it" 

[Rl-Hd = Rl-G! 

Rd = Gl 



1 ‘ 

^ R RuleIX.-10. 

I * «: • 

Or in words: To find the decrease, multiply the gang** 
by the ntil length and nlivide by the Radius. Multiply 
result by 12 4o fcring it to indies. • 


0x1 • 

From above, up'bn which rule Table 17 is 

.based. , • 

To find the decrease when the length (1) of outer rail* 
and Versed sine *(V') on it dre knowm, comes easily from 
Rule IX. — 10 and, ^ 

a = GxV) ^ (allinfeetV Rule IX,— 11. 

* • 

Prom this rule Table 17a is obtained. .Table 20 will 
serve for applying Table 17 to other gauges, 
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yMlTTVCr EADII «F CUEVES'FOB VAEIOKS 
. PUEPOSES.' • 

The anioiint of curvature of any tra^k, measured either' 
by the RfuhiiH or the Decree, is a vc^*y important qilcstion. 

The sharper the. curvature, Le., the less the i;^(liu8 and 
more the degree, the greater the strain anfl wear on rolling 
stojfk and permanent way, aiftd the more the engine, power 
required. 

An AmcTican J^lngineer givi'S the following hgures 
showing the relatij'c* renewals of straight and curved track, 
based on'observatioiis of 114 inilA, ovtT a period of d8 yvars. 


Straight. 

j- 

Curvea. 

i 

I'OO 

*1 • . 1 

JCiider r ' 2" to 3’ 3" to 4 ' i 4'’t8 5'’ 

(87 Chn8./37 to 43i;(434*to '20 (2!) to 22 |(22*to i7i 
E»dius) Chs. Ead.) Chs. lladj^jlis. Ead.)jChs. Ratj,) 

1-00 

1 ' I • 

• 1-08 1 1-31 • i-3ir i i-4r . 

i • • 

1 1 


With regard to tlu* additional tractive force required to 
overcome tbe resistance on curves, it huk been estimated 
that it takes double the force to draw a train at a speed of 
25 miles per^hour ^n a curve ftf 5(K)ft. radius, \\’iuch it does 
to draw it at the same speed on the straight. 

The ideal would st*eni to be "to provide thi' easiest 
curves, within reaSon, which the available spuci^will allow, 
at least for high speed trathc. There are instances, how- 
ever, Vhere better results tftay be achieved by increasing 
the cufvature on certain parts of tb«^ line, in order to 
introduce transition curves or to* lessen tbe curvature 
through points and cros-sings. * The lather, becafise^supcr- 
elevation with its steadying effect, is difficult dr nearly 
impossible to obtain, and also becaiiise sharp curves through 
diamonds should be avoided where reasonably possible. 
(See Chapters XVI. and XX.) • 

"Where points and crossings fire concerned, and the 
speed is modejate or ^low, we may naturally take intS 
account the extra oosUof lengfhy junctions and turnouts 
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^ 1 _ — 

which may be involrea by using very Hat curves. For 
instance, jt may not be economical to lay an ordinary crt)8s- 
over roa<f to a radius ^eater thap about 1C(|. chains. ^ This 
leads to the question of what are suitable curves for various 
purposes. In points and crossing work permanent way 
wOrkens are apt to overlook the question of curvature, and 
first deofd« upon. vvh4(t angles of crossings and lengths of 
switches they will usei * This i^ a wrong procedure, and the 
first question should be, with certain few exceptions, what 
radius is required? 

Curves usually adopted on British Railways of Standard 
Gauge and with important traffic vary considerably, but the 
follo\Hng general notes may be useful : — 

^Malo^Llne Curves entailing no reduotian of express speed. 

The minimum radium depends chiefly upon the design 
and owndition of the permanent w^ay rolling stock, ^md 
whether transition curves arc used or not. The question of 
speed in relation to radius is dealt with later in this chapter. 

^ With first-rate tcack and rolling stock, and speeds of , ^ 
about 50 miles per hour, it js suggested that 20 chains for 
plain litfe with transition curves and super-elevated, and 30 
chaiikS for pdints ifnd crossings, be •considered as the 
minimum radii. 

Reverse ’tsurves (Chapter VIJl.) should have a higher 
limit according to the length of straight or transition 
between them. 

4 

The aboye limits must onljr be taken as u general guide 
subject to the special conditions of each disc, aAd it will be 
evident tjjat there should be some reduction of speed on 
curves exceeding these in radius, which nmst be left to the 
discretion ot tiro engine drivers, who shomd be acquainted 
with Bulc No. 148 of the Railway Clearing House Rules. 

.Gunes irhlob call for dfiflnite instniotlone to be Issbed to 
reduce speNsd to certain rates. ' 

Th^» curves' are usually listed in the Working Time 
Tables and in some cases warning boards are erected or 
distwt signals ato kept danger. 

• It should be. noted that the American Railway 
Engineering Assoiiiation: oonstdqra ouiwes under- 6.° (14^ 
olhlins) as speed limiting' curves, and the IndjaaJjbctveco^ 
m^ WJ^6' 6' jauge) is 



I CURVED TRACK. 

. \ ^ 

Absolute minimum ladius of curve liiK>n which main line 
« en^nes have to ruti. ^ * 

Siich curves occur )^on valuutlc properties or other 
obstructions have to be avoided. In this case the wheel' 
arrangenieift of that engine using the line which iS leatit 
adapttid for travelling on curves, will detorininc the mdiiis. 

^ ‘i • • 

4()0 feet is a connaon limit, butJnium^' railways adopt 

a ijiiniinum of 7 chains, Iif general. Goods Engines are 
coustructe<l to take sharper curves than Passenger Engines 
(si‘c latiT). 

Gunes for Fork Gonneoting Lines. 

In these cases, where speed is moderate, and econon^' 
in iirst cost is (h^sired, J2 chains is suggested as a suitable 
raduis as it makes a fairly easy eurvt', and no ch(>ck rati is 
necessary. * • 

il’he junctions, hc^vever, should have easiiT curveS for 
reasons previousl,^ given. 

• • 

Curves for egitrances to Running Loop|. 

The radius may vary with tbe type of loop, Fast, Slow, 
or Goods, but in any case it should allow for the emergenev 
of a fast train taking the facing points tnto the loop ovft a 
reverse curve. In good practice the loop inlet? and outlets 
are made 30 chains radius if possil)ie. «• 

Curves for Junctions and Cross-over Junctions. 

The radius for these will depend uj)oif the nature of the 
tniftic and tin) .spne^', both in length and width. Available. 

On the question of obtaining the easiest curve.s for fast 
running in all directions, rc'ference •should be mafie to the 
International Rail^'ay Congress Report of llfOO,* where the 
limiting angle of Vee crossings is taken as 1 in 10, and of 
Diamonds as 1 in 8. 

In Studying this question, the Chapters on the various 
arrangements of Points and Grossings should be consulted. 

Curves for Siding Oroupe, 

In Sidings, the most standing-room for the least land 
and material used, is generally the desired object. 

The curves, therefore, ^n!ay approach the minimum 
rajitjs allowed for the engines. It advisable to keep, thef 
curves fairly unffomi in Radius, efipecially in Sorting Sidings, 
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etc., SO that the Shunters may become familiar with the 
resistfcnce of the curves. For instance, the ruling rfidius 
for the first marshalling sidings at Edge Hill, was 7 chains. 

Curves for Cross-over Roads and Shunting Connections with 
the Main Line.,, e 

A common rndiyjs for the ordinary traiUng cross-over 
road is 10 chairis. ’^Vhere the main lines are on a sharp 
curve, the turnout which curves in the same direction asjbhe 
main may have to be reduced in radius to prevent the 
crossing angle becoming too flat. 

MINIMIIAJ RADII 01' CURVES UPON WHICH 
" VEH1CJ.es WIJ.L TRAVEJi. 

This question arises in Yard and Sidiflg Work, where 
speed net'd not be con^dered. 

The rules given beldw allow a less radius than is usually 
arrived at by calculation. They wiu, however, be fDiiiid 
reasonable in practice. 

It may be noted that if Ihe calculations are based on 
n^ v,* tyres and rails, a margin of safety arises when either 
the tyres or rails are worn, or the gauge is slightly wideru'd. 

Referring^ to the diagrams, the following symbols will 
be used: — 


ric.ix-4 . Section AfAf. 
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R.#Mm. radius of curve upon which the vehicle will travel- 
B. Rigid wheel htise of truct* i.e., distance between • 
axles of wheels in question. • 

T. 'rhiclmess of wheel dange obtained by tnffing an 
outline section of the tyjfe and placing it against 
the outline section of the rail as closely as possible * 
and yet maintjyning the tyre tread in contact with^ 
the top of the rail. • 

Then T^thickijess from back of tyre to edge of rail, 
(See-Fig. 4.)^ 
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Ti —Thickness of rwheet flange obtained by placing section 
‘jot tyre clAse. against raij as in Fig.,,5, the ^read 
i. standing at haJf the flange depth above the rail, 
as at H in Fig, 6. c, ^ 

E. Clear distaflice between backs of wheel fl,nnges. 

P. Total pLay' befween wheel ^flanges and rails. 

^,P = Gauge-E-2T. 

D. Depth of w'hari flange 

W. Badius of wheel at half depth of flange (Fig. 6). •“ 

A, Length of the portion of half flange which is below 
rail top. “ • 

A X iD X W (From Buie IX. — 2.) 

To And minimum radius (R) upon rwhioh a four-wheel 
uehiole with rigid wheel will traYel. 

•'The ■calculations vVill also^ apply to bogie vehicles, in 
which case it is only nect^ssary to consider one of the trucks. 

Vig. 7 shows how the flanges wilTlie with regard Wtho 
tails. The flanges done are shown and these by a sectional 
plan at half their depth, l.e,, os if cut through on the' line 
// H (Fig 6). This jls because the aasun)ption is made that 
at half its depth, the? front part of the flange begins to touch 
the rail*. 

. '“This is where the rules differ from 'those usually given, 
in which it fs assumed that the flange touches the rail at 
point J, P'ig.n6. 

Fig. 0 shows in dotted lines the relation of tyre to rail 
at point J, and in* full linos the relation at point H\ 

The flange thickni'ss to be taken will be T^. 

From llg. 7, by Rule C 3, it will be scon that: — 

„ IX.-1.12. 

Example. — Gauge, 4' Wheel base* (B)=12'. 

Diameter of wheel on tread, 3' 3J^ therofore. W = 2(y'. 
E-4' 5Y. Tyres as in Fig. 5, i.e., i D = say anfl with 
'"these tyres will be 1*. 

^ . P = (f Br - 5r - 2") = 1" - A' 

A =-- v^B X ;x 20" (in hiohos*) 

^ = V'80 = 8ay9" = i\. 

. By Rule IX.— 12, R =? = ? « 9 x 6 = 64' radius. 

' ■ 2 X tV J - 
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In pr^ tlce. 60 feet the usual linliting radius adopted 
for four^heeled wagons'of'atVd'Uf r2"teoV Wlxeiftl base. ' " 

To flnd|thie mlqimnm radius (R) upon which a s&-wheel 
vehicle with rigid itheel base will travel. 

Fig. 8 shows how the Ranges will .The flange thick- 
noss in this case will be T (Fig. 4). 

We get Jin additional diinensioij’^M, •which "irfay be 
called freedom to move of •the inidale whet?ls out of line 
with till* 1 ‘rifl wheels. 

'I'he limiting radius will be seen to* be that for a curve 
^vhos(' chord is H jind Versed sine Mh-P, juu! thus from 
KuleC'i:— • 

R -■ 2 (P + M) Rule IX.— 13. 

Examplh - (l:uii;(>. 4' SJ"*- Wh^ol base Piny 

of \\het‘ls M-l-J''. Wheels as in Ja<t exaniT»le, 

thatTs A -7.5'. * 


R-(C±-754)*^2(r+U") 

= 9-375* -f- ar, 

= 87-89' -i- -312' 


= 281 ft. 


200 feet is usually adopted as the limiting radius for 
six wheeled wagons, but the gauge is taken as being f" wide 
thus increasing P by that amount. 

To find radius wh|oh will avoid rear wheel fiapge bearing 
against Inner rail. 

According to A. M. Wellington, a rigid truck passing 
round a curve assfirnes the position shown in. Fig^, 9. that is 
the rear axle is on a radius line of the curve, unless the 
curve *is very sharp, when *the rear flange, will touch the 
inner mil. 

• Spiller adds that the rear wheels will slide across the 
rail when the centrifugal forc^ increases syfficieiftly. 

It may be desired not to use radii below which the rear 
wheyl flange bears against the inne^ rail, in w^hicb case (from 
Rule C2), 

Min. B , Bnla IX.-14. 
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Locomotives on CuHres. 

4 s the wheel atrangements apd the devices for suiting 
engines ^to take curve^ are varied, it is difficult to {nake 
calculations. f 0 

The minimum*' radius may be arrived at bv making a 
large scale plan of the wheels in^their position of greatest 
allow’ablci, movement out of line with each other, and then 
finding' the radilis o'^.a curve which will just touch the 
flanges at the crucial points.'' , 

Amongst the devices used to ehable engines to travel 
on curves are: — 

Eadial Axle Boxers (.s<*e Chapter^JlI.). 

x Bogie Trucks (see Chapter TI.). 

Pony Trucks (si‘(» Chapter II. 

Wheels having thin flanges on the tyres. 

Two or more flangeless wheels. 

a 

" WmENlN(} OF GAUfrE 0\ CURVED 

From the foregoing (vraraples it will be seen that if on 
curves the gauge is widened, then the play between wheel 
fltmge and rail is if.creased, and thus the pif?;sage of the 
vehicle is made easier, 

. Further, , when we get below' the. absolute minimum 
radius, and ,‘i truck is “ wdieelbound, '' refusing to travel 
with normal gauge, it will do so if the gauge is widened. 

The fallowing methods of calculation may be given tor 
the Increase of Gauge to suit the simpler wheel arrange- 
ments. These will apply to sidings, etc., where the traffic 
consists only of the kind of tracks in question. 

For four-wheeled trucks. 

Eeferring to Fig. 7, an increase (I)“of gauge may be 
made, equal to the decrease of flange play (P) due to the 
curve, and wt get from Eule OIB: — 

I = Rule IX.— 15. 

2 E 

By t'uis rule a usual ty^e of 12ft. wheel base wagons 
would need: — 

Radius. Increase of Gauge. 

200 ' i" 

100' i* ' 

75' •‘i’ ' " 




CURVED TRACK. 


For six-wheeled tnioks/ ^ 

^Jn thisj case an in^reast^ of gau^ (I) is necessjary on 
very sharp curves to enable the si^ wheels of thi* truck to 
lie beliWeen tUb curved jsils. 

Referring to Fig. it* V equals tfie Versed sine on 
chord of the curve equal to + A, ifien ^ • * 

• J = V-(Pn-M)/i t Rule -IX.— 16. 

• /With a usual type of si?f-wheele(f wagon it will be fouiul 
that: — 

Radius.# Increase of Gaugi'. 

4(X)'# S" 

* m 

On main lines and sidings wIkto loeoniotivt's an^ in 
question, tlu* caloulation^ are not straightforward, on 
account of the variety and complication of wlic^d arrange* 
ments. Amongst tlu* rules adof)ted fi'om experit'nee on 
Bittisli Lines the f(fllos\ing appear to be the most yf^asori- 4, 
able : — • . 

* Curves under 5(X)' radhis •... (xaiigi* to be 4' 0" 

„ •my to 79‘/ „ ... 4' sr • 

Flatter curves ... ,, ,, 4' 8^" 

• 

At one lime it was customary torfiiake 4he gaugejtight 
through crossings with the idea of minimising sidi‘\viiys 
oscillation, but thi‘ gauge is now generally made the same 
as on plain road. It may be noted that where a curve 
occurs, and the gauge is accordingly widf;ned, the check rail 
has more effect in keeping the oppt^ftiiite Jeading wheel flang(‘ 
from striking the crossing iM>8e, 'J’he trailing wheels, how- 
ever, are liable to strike the neck bend of wing rail, 
unless the gap at the neck bend has been increased by 
double bending gf the wing rails (^ce Chapter Xfl.). 

CLEARANCES AND SPACES ON CURVED ROADS. 

• (Fig. 10.) 

, When a vehicle is on a ciir\^d road, its corners over^ 
hang the rail to the outsid^ of the eur^e by jnereased 
amount to that which they overhang when on* a straight 
road. This increase of overhai^ is known as the “End 
Throw.” 

To the inside of the cjLirve the middle of the vehic4e 
has on increased overhang * and^ this increase is known as 
the “ Gentry Throw.*’ • 
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The .standard miiftmxim clearart(‘es to structures- on a 
straight|. road should, <ih‘erefore, be pcreased on curves by 
the anioinit of the end and centre throws, on flie outAde 
and inside of the curve respectively • t 

An additional increase to the inside of the curve must 
bo inade for the loaning of the vehicli* due to super- elevation 
of the rail. This increase may vary from one-^alf to twice 
tlie supef-elevation, a.c^' 9 rding to the height of the struc- 
ture, the former applying to sKigcs, etc., not higher thup 
'half the gauge, and the latter to bridge abutments, etc. 

A f nrtlier allowamce of an inch is * advisable for the 
extra oscillation on curves. „ 

\\ih(*re unusually wide s^o(*k is used, the ordinary Oft. 
spaQc will nci'd increasing on curves. Tftis increase should 
be:— 

• ('centre *rbrow t End Vhro\v-f-.sav, 2in. for Oscillation. 

Rule IX.— 17. 

Care must be taken to have an equal super-devation 
on each road. ' f. 



The outline of a coach as it would lie W’ben ^its wheels 
are on a curved road is shown in Fig. 10. * For simplicity, 
the width oj the coach is shown equal to the gauge. 


It will btf’ plain that: — 

The Centre Throw (C) is the Versed sine on a chord 
equal to the length (B) of the wVieel base, i.e., from Rule 
IX.— 1. ^ • 

C=B2-r8R Rule IX.— 18. 

ExA>frBK. — wheel base 12rt., Radius of curve 60ft. 


c 

13 # 


Centre throw 12* -i- (8 X 60) 
= 144 #80 

= ^ft?== ^ina. 



CURVED TRACK. 

The End Throw (fe) is the ^Tereed sine on a rhord 
equ^l to the length (h) of the v«hu'Ie, less the K'entre 
Throij (C), qr:— ^ 

E = K - C 

^ “ 8R «R 
E = 

. 8K 


Ru' 


ie IX.- 


19. 


Example. — Wl^eel base I2ft.. Length of Wagon body 
22ft., Radius 60ft . 

22 “ ^ 12 « 

® = WBO “ 

_ 484 - 144 
•“ 480, 

= -71' = 8t" 

Whore a bogie veliicle is eoijcernod, B may be iaken as 
the’distance between centrA of bogies. 

In long passenger stock jit is common to place flio 

bogies so that the centre and end throws are equat. 

• * 

Vehicles so arranged are termed “ balaiiceil coaches." 

In this case: — 

C = E 

L2 - B* 

8R “ 


4.U 4 • 

that 13 — 


or 


8R 


2Ba = L* 

that i ^B a= L^-1‘414 an& L = B x l‘4lf 

Rules IX. — ^20 and 21. 

l^XAMPLE. — If a coach body is OOft. long, what should 
be the distance between centres bogie.s. so that centre* 
and end throw's wdll bo equa^? 

B = 00 ^-1-414 
= 4^, ftny. 42^ 

Centre and End Wirows for many usual wdieel base* 
and coach lengths may be ’easily obtained by the use gf 
Table 16. 
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w \ 

BUPFEB LOCKING. 

^ ‘ f. ^ 

Buffrr loclsing is liiible to occur at the springing point 
of very sharp curves, .such as nli'y occur in some* town 
go(Mls yards, etc. (ft'he. tendency is worse at the reversing 
‘ pojnt of two sharp 'curves. 



TnspetAing Fig. 11. we .see that if the End Throw of a 
vehicle, taken at the hiitfer laces, exceefls the width of the 
face, fai'C* may slip past tlie f>the^'; that is, they 
buffi r lo/'k. Jfy the» application of force in propelling the 
vehicles, this may happen the buffer faces still huve 

a small overlap or “ ^engagement, ” say, 2 ineh«:s. 

To find what Radius (R) of curve springing from a 
straight, will cgiise the risk of buffer lr)cking with a given 
type of vchicly. 

Exa.mplk.%— Wagon wheel base (B)~12'; Length over 
buffers (Ij) =24' fi" ; Diameter of biifier faces 1' 0". 

We will dec ide ^that the End Throw (E) must not be 
more than 2" less than the diameter of faces, namely, 
10 ".=.- - 8 : 1 '. ' 

(From Rul^ IX. — 19.) 


8 X -83 ‘ 


„ _ L^ - 

r. ~ ■■ 8 R~ 


.-. E- 


L* - 


8E 

t. 

o _ 24.5'-‘ - 12* 


600 - 14S 
6-64 


— = say 70 ft. 


6-64 


. To find what Radius (R) of ^diregt reverse curve will 
cause the risk of buffer locking^ with a given type of vehicle. 
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CURVED TRACK. 


In this case the (va^ons will tiave End Tljrows in 
different directions, an^ thus the Eftd Throw's (E^ must 
not^exceed half the diameter of face, less half tl^e engage- 

menft • 

The Kadi us is pronortional to E. ^nd thus the Tladiu's 
for a reverse curve should not be Id^s than twice that frtf a* 
simple curve. In the prec'ediiig example the sjjifo*Kadiiia 
W'ould be 140 feet. ^ 

If buffer Inching -occurs, the rcrnclics tc. be considered *■ 
will be: — 

1. To dattcu tlu» curve 

2. To make tly 2 change gradual from straight to 4Mirvc 

3. To increase tlic widtli of the buffer ta<‘cs of *thc 

vehicles wliicli buffer lo^k 

^ 4. To prohibit j't'hicles whieli have an oxcessiv^ over- 
• hang of buffer faces hevond wheels 

' 9 

* It must be noted th.-^l th? above calculations do not 
allow' for the slightly iiu-rcased tcnflej;tcy to buffer lock due 
to play of wheels between the rails. * 


SU PEK-ELE VATI( )X. . 

The reader .should first peru.se the reforjjnces made to 
tliis subject \\t tlic commencement of Chapter X. 

When a car travcl.s upon a cuTve,-a force arises which 
acts direcUy outwards fronf the curve, due to the natural 
tendency for the movement to be in a straiglit line. 

This force jp named Centrifii};al Force. and*its amount 
increases as tlie weight of the e.u\ and as tin* quarc of its 
velcv^ity, and decre.ases asjtl]^? radius of the curve increases. 

raising the outer rail of a curve by an amount “ E," 
which is known as the Super-eUnation, and sometimes ati 
the “ cant,” we form an incline down whiidi tfie car tends 
to slide, and thus counteract the Ceiitrftugal F^rT-e 

When E " is just sufticibut to balance the Force 
caused by a car moving at the highest spc«*d obtaining upon 
a given radius of curve, it isj referred to as the ‘ ‘ 'rheoretiefti 
Super-elevati<in,” wdiichf will ^ff^'r^'Rrds be denoted jjy 
” Fi ” if in fi^ct. and*by ” e ” if in inches. * 
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CHAPTER IX. 


The rule for E, 'the derivation of which js explained 
in boo^'’8 on Mechanifcs.. may be wfitk*n in varjous fo^e, 
thus, < 

Pi - Super-elevation in feet. 

0 — Snper-eleVt Jiorv in incdies. - 
(l:*-(iguge in feet, centre to centre of rails, 
g = Acceleration cliic to gravity --3*2-2' per sec. per sec. 
V Velocity in feet per see. 1-47. 

V--= Velocity in iryJo-s per hour — v -f ^147. 
r --Eadina of curve in feet. t 

Ji = Eadius of curve in chains. 


* Then E = 5 x l! 

R • r 

or with 4*l‘t. IJin. gaiige-^ 

E = 153 X L 


Rule IX.— 22. 


Rule IX.— 2 


Changing E to inchc's, and v to miles per hour, 
® 32-2 ^ ? 


*0 = G X 


l-25r 


Rule IX.— 24. 


which is perhirps the most usual form of the ride. 

If G is 4ft. 11 in., may write: — 

e =.3 % X * Rule IX,— 23.. 

• r 

If the lladins is taken in claims, we get: — 

e = 06 X Rule IX.— 26. 

R . . 

f 

on which rule many tables have been based. « 

* If the curve is measured in degrees (D*^), we get: — 
* . ^ c =:i OODGO X D° V V^ Rule IX.— 27. 
which is the usual American rule for the Theoretical e. 

The fonnuhe show that e increases rapidly with the 
velocity, namely, as the square thereof, and that it 
dei-ifoases direjctly as the rndius incre&ses. 

138 



CURVED TR\Cj£. 


Thus, on the same curve a? spee*d nf GO miles, per liour 
would call^for four tinges the- e due fc> a speed of Hp miles. 

^gain, yith the same speed, a curve of •20 cdiains 
r.'idius only calls for halft the e due to a curve of 10 chains , 
radius. , • ■ 

Table 18 shows tile Theoretif-al e on the 4ft. fiLJinT 
gauge, calcidated by liule IX. — ^2G. .for r^ifferent ^Speeds and 
Curves, both the Kadi us and Dt^ee of the latter being 
given. 

PraotiGal Super-elevation. 

There are •further considerations to be taken into 
account before wc^aiTi\e at ihe e to be actually iisecl — that 
is, what may be termed the “ Practical e. ’ ' • 

First the I’heoretical e may J)e s(^ gr(*al that when a 
light car is stationary or moving^slowly on a curve, it imfy 

in danger of overturning by wind pressurt‘ from tln^ 
outside •of the (‘urve. * * 

, Spiller shows that a certai« van may bo blowTi over by 
a wind pnjssure of 20lbsT per square foot when the e is 
4.Uns., ana suggests limiting e to • 

The present writers consider this maxinumi rather 
small, and reconuueud one of 5ins.,, remewiberiug tl^it e's 
of Gins, and oven 7iins are occasional!,^ u^ed wdthont 
mishap 

a 

The above* considerations place a limit upon the 
maximum e. • 

There are other matters wdiich hafd to the reduction of 
e througlmut: — • * • 

(1) Though e is intended to abolish side* pressure from 
centrifugal for^e at the inaxiinirm and lo^^'e^ speeds, it is 
generally accepted that the outer leading \^*iioel flange is 
alwjiys in contact w ith the rail and tending to climb over it. 
This may be said to be due to the car liaving to continually 
chaifige its direction as it passes round the curve. Now at 
speeds lower than that used to calcuato e, super-elevation 
takes part of the load froi#i the outer, whee?. \^ich load 
tends to keep it dowm and prevent, climbing. * 

(2) If e is much more thaif is called for by the greater 

proportion of the traffic, excessive wear of the table of the 
inner rail may occur, ^ue to its greater load, and again flie 
joints and fastenings may be unduly strcs.'^ed, the tom of 
the rail being pushed outwijrds. " ^ 
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Thus we see that the actual e’s should be less than the 
e's caVulated for thfi highest exp^ded speed ; ^but, so far 
no writer, seems to hav^ laid down a definite working ^•ule 
to this effect. », r r 

The usual advife is similar to^that of Cole,* who says 
'th^t ‘‘ the calculated cant should be approached carefully, 
super-(‘lQViftting bij" by.bit until the engines take the roads 
comfortably." V" 

» 

In an endeavour to fix upon the 'actual c to allow in 
practice, it is suggest^^d that as a riile.^witli exce))lioiis in 
special cases, it lx* taken as | of the Theoretical c for the 
highest expeided s])ced. « 

I 

This will rcdiK'O the l-2o to 2 in liufe IX. — 24, and the 
d-ilO in Jtulc IX — 2o to 2-48. or, say. half the gauge (centres 
».t rails') ,, ilrid the riili* Ve suggest for all gauges is; — 

Prafttical e" = X X! Rule IX.— 2ft 

r (ft ) 

This reduction is not clios^n hapliazard, and has Iho 
foll^nviug facts to reenninend it: — 

The .ymictical e would be* the Theoretical o for ■* of the 
highest speed, »and for somewhere near^tlu* aveiaige speed 
of passenger U’.atiio. 

With su(4i e’s it has been found upon one of the 
Lancashire <listricts (not clectiified') that the inner and 
outer rails lose W’cight af about the same rate. 

Again, a fTheoretical e of 8ins is aboyt the. maximum 
w’hich would arise in extreme cases under w’orking con- 
ditions. Nmv in Shortt’s .opinion, Jlins. inay.be taken from 
such an e wi^thout very apparent effect to*])assengers in a 
train rounding the curve. 

'riius the oiiis. we suggest a*s a practical maximum is 
I of the theoretical one of Bins. * 

It may foe noted that many authorities agree that the 
^ value of suVcr-elevation has been over-estimated ns regards 
the prevention of ovcrtumjng, but that it conduces to the 
comfort of passengers and easy running. 

^ Super-elevation is often onyitted of necessity through 
po’.|its and crossings, though in 'maijy cases fairly high 
speeds obtain through them. ^ • 
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The suggested procedure in arriying at the e to allow 
in pjjaetiee jvoiild, in aefonlonce with* the ideas exj^essed 
above^be as follows : — t • 

(1) Determine the IfTghest speed usually run upon the 

<<urv0. ^ • 

(2) Obtain the I'urvature by taking the average T^f 

several Versed sines (.u OOfk chords. • • 

• (3) Take the 1'heoretieaf e from Table 18 for the speed 
and eur vat lire. 

(4) Obtain i fjrf e from Table which will give the 
I’racticjJ e to allow. 

.In sidings \\h(*i^ no eoiisideiablo s[)et‘d is obtainefl., the 
e need naturally only he small, and it is (•c)n\rnon to limit 
it to 2 inches. 

Ob^ning the Super-elevation from the Versed sine of a 
CHtrd. * 

•As the Versed sine on iWcdioiTl of a curve is pro})ortioual 
to the Kafifus and to the scpiaia' of^llu' chord: and e is 
proportional to the Radius ancji the .mjuar(‘ of th(‘ V(*loeify, 
it possible to ('aleulatc the length of a chord, the Versed 
sine of whi('h will be eipial to e • • ,jp ^ 

W. H. Cole, gives tables applying to many gauges and 
speeds on this principle. • 

With dft. 8^ ins. gauge: — • 

, From Rule IX. — ^25. Throreficah e=^ Versed sine on 
n ^'hordtwhose length in feet is l-02r)fK Velocity in 
Miles per hour. Rule IX. — 29. 

From Rule TX. — 28, Practical e~- Versed •sine on a 
C’hord of l*28t) x Velocity in Milcp per hour. 

. Rule IX.— 30. 

(kie ArnericaTi rule is to make e = Versed sine on a 
^ chord whose length in feet -distaiX'.e travelled in one. second.. 

A('ccrding to this, Rule^IX . — 25 W(iuld bficoigie: — 

V* * 

e" = 3-24 — - 

r 

Determination of Speed. ^ 

Before we can u^p anj^ of the above rules it is ncccss^jay 
to obtain thc^ VelocitJ^ or “ y.” 
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Generally, the ^r^le Is to take the speed of the fastest 
trnini cither by estimating or tinging. r ^ 

It tvill be apparent that the f^peod, and^ thereforr the c, 
will be less on a vising and more^on a falling gradient, and 
in some cases on^ double lines njore e is required on one 
Kne ^han the other. 

In* single lilies \l\e track is generally elevated to suit 
the descending trains. • * 

To time the .speed, measure a fair length of the curve, 
say, by counting th(f rails. Then observe the time taken to 
travel this distance. » 

i 

•One method i.s to place a man i^ith a stop-watch at 
e.»,ch end of the measured length, both watches being in 
exact agreement, each, man to stop hi.s watch as the engine 
]»as'ses him. ^ 

•Example. — Distance 20 rails of 30' = 000'. « 

f 

Evgine passed Orst man 10 mins. 37 secs., second man 
10 mins. 4.’) secs. ; time.* 8 secs. Then speed in feet per 
see. “ 000 -r 8 ■= 75. , «< 

To^ convert Feet per st^c. into Miles per hour, divide 
by ^'47*^ thus; — 75' per sec. = 75 ~ 147 = 51 Miles per hour. 

Table 12r shows conversions for various speeds. 


Running out of Super-elevation, 

t 

. The ideal is ,for to be gradually attained upon a 
transition curve, at the springing of which fropi a. straight 
road, 0 will^oe nil, and will increase at a Vegular gradient to 
the end of transition and beginning of circular curve, w^here 

it will become equal to Wie e required op,. the latter. 

• 

If there is no transition curve there are difficulties, for 
if, as is often the case, e is attained on the straight,' there 
is, according to Spiller, more danger at the entrance* to the 
• curve than, if there was*no e at nil. 

It \nfiy be nV>ted, howe\l6r, that as a curve seldom, if 
ever, in practice begins suddenly, it should be possible to 
introduce a little of the*e on the .straight, and attain its 
full dimension some distance along the curve, using a 
gradient of lin. in 6()ft. to 12yft., according to the cireum- 
i^tances. Xt is liiost important that u should be maintained 
constant throughout the main part of the cu»ve. 
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Maximum Speed allowable on Curves.* 

Those who have studied this sul^ect will undeij^tand 
that ^ is difficult to fix iijjlon any rule. ^ - 

Inrce rulA may, hj^vever, be quoted that have b(‘eii 
suggested for the 4ft. 8Jiu. gauge : — ^ 


• ■ 1 

. Maximum Speed in Miles per Hour. 

1 .'i • 

Thoqjeticaf 

• . e 

• f 

• 

IncheK. 

Wellington... -77 X Vr ft. or 6-25 X VB Chns- 

2-.S5 

Spiller -87^ X „ „ 7-07 x „ 

• 

3-00 • 

Shortt 1-358 ¥ „ „ 11-00 x 

7-30 

• 


It will be noted that tihortt’s rule allows llTe, highest • 
spet'd, and it has been |H)iuti*fl out that oven the speeds 
givc^j by ,this rule art' exceeded in everyday working^ 

Allowaldc' sf)eeds, a.s usually^ acaa'pted in ]^ritii-4i prac- 
tice,* witli first-class track, 4)ut without transition curves, 
are sliown ifi Table 18. • ^ 

It may he noted that if the ideal (jf all curves being 
traversed at a sf)eed in proportion to the square roo\ of the 
radius, obtained in* practice, we sliouTd require the sfTme 
theoretical e on every curve, and these are sRown opposite 
the speed rules above. • 

Super-elevation on Electrified Lines. 

The low centre of gravity of elcclric fito(*k does not alter 
the theoretitfal e, ^and it is usfUal to allow the e as on 

steam-worked lines. 

A low centre of giavity reduces the tendency to over- 
turn by centrifugfil force, but increase.^ the tend( ncy of the 
outer wheels to climb, and is responsible for excessive side 
wear *on the outer rail, whiA cannot be reduced by increas- 
ing th# e. 

fiuper-elevatlon on Various Gauges. ^ 

The e should be in direef proportionate the gal!ige, or, 
to be exact, to the distance botwotm centres of rails; thus, 
a gauge of 2ft. 4tin. would requife approximately one-half 
of the e due to a 4ft. g^in. gauge. 

Table 20 shows the figurtfs to mulliply the e’a on Tables 
18 and 19 by. to suit othef gauges than 4ft. 8Jin. 
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THE CHECKING OF CURVES. 

.'Recording to the Board of ITracle Rule, Curves rf 10 
chains of less radius irAist be provided withu check/.ail to 
the inside rail of the curve, where high speeds obtain, 
and on electrified iiiies, it is advjfiable to check curves of 
greater radius than ll) chains. Each case can only be 
de('i(Jed, on its ^circiimstances, unless the* Ministry of 
Transport eventually Wsue a cjefinite rule. 

The detailed particulars adopted, with regard to check- 
ing vary, and a table is given below which may be completed 
in accordance with *the practice the feader is concerned 
with, as may the particiulars of check chairs listed in 
Chapter HI. ^ 

• Some railways do not elevate the check rail above tbi^ 
running rail. It may be noted, however, that an elevated 
'check acts upon a greater length of the wheel flange than 
a level che(*k. A serviceable rail is generally used for the 
cheoff rail, and heavy section running rails are usifally 
cho(*ked by old rails* of ligjiter section. 

There are difficulties in Checking curves througtiout 
points and crossings, ^especially at the switches." Photo No. 
1 shows^ the check carried as fur ns possible towards the 
switch too in a C(‘rlain instance. 

’ Tlie purppse of tlie check rail is to prevent the outer 
wheel flange from climbing the rail. In order to do this 
completely, flie check should come, into contact with the 
back of inner whepl flange before the outer flange tends to 
climb. , ‘ 

Thus tl\c acting face oft. the check shoidd be at a 
distance frouS the outer rail, equal to T-fE wnere E = th(^ 
distance f^om back to back of flanges and T — thickness of 
wheel flange taken as in the notes on “ Vel\icles on Curves " 
(Fig. 1X.-4)* 

With E- 4' oj", and T = l^r", now flanges, T-t-E would 
be 4' ()J", and with normal gauge, the Flangt'w^ay Clearance 
^F) between rail and cheok \vould be 4' = 

Thiij is^the u%ual cle«aranc;r‘ in checking crossings, 2ins. 
clearance being usually given on plain straight roads when 
on viaducts, etc. t 

The dimension of IJ" would apply w^hen the curve is 
flearly straight, but if there is coiftiderable curvature the 
flange will touch the check eaflior, and a wider flangoway 
wilrbc needed, as may be seen from Figs. IX. f7 and 8. 
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ITie ideal flangewly will vary According to the dimen- 
sions of the wheel tyres, the wheerbftse, the curvat|ire, and 
th^elevatlon of the clfeck rail. Iji is not practicable, how- 
ev^ to provide numyous patterns of check Siairs, and 
only about three patterns are usually jised. 

As wheel flanges tt^come w’omf or the outer rail beccyyies 
side worn, ^r the road becomes w*ide to gauge, ^th^n if the 
check is not worn it touches the J^er Vheel fladge before 
tJiG outer one touches the rail and thus is taking all the side 
pressure. If the check becomes worn or if it has too wide* 
a flangew'ay, the inner flange will jiot touch it until the 
outer flange tends to climb and to “side-wear*' the outer 
rail * • 

It is open te question -whether, and if so, to* what 
extent, the check rail should share side wear witli the duter 
rail. The authors think that it should share it a^oiit ('qunlly 
and have attained this result by* inserting packings in tKe 
c^eck chairs, whic^j packings are removed as the (jfianncl 
becomes too wide by wear, the thickness of the keys being'" 
changed as required. Additional wear may also be* obtained 
oul of the check rail bv r^ersing it. 

* • • 

Curve Checking adopted on Railway. 

Check Rails to be provided: — 

On Passenger Running Lines : — 

With speeds over miles per hour to gurves of 

radius and under. 

With speeds under miles per hour to curves of 

radius and under. * : 

On Electrified Running lines to Curves of radius &, under. 

Oil Goods „ „ „ 

Ot^ Sidings used by passenger) 

trains j ’* • 

On Goods sidings « „ „ * ., * 

On Viaducts and Bridges ft. in length and over. 

Over Paved Level Crossings. (Tjsually to both rails.) 

Check Rail on Runnisg Lines to extend ft. beyond ea«h 

end of curve. , * ^ ^ 

For list of Check Chairs, see^Chapter III. 
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G^APTEB k 

- , TRANSITION CURVES. ‘ / 

The papers of Shortfc and Spille^ in the Prt)c.Inst.(!^!!E., 
Vol. 176, 1909, with^the discusnion thereon show much of 
the^ theory and practice, of leading fail way engineers with 
regard to transition curves and super-elevation. These 
papers havh been largejy quoted by various writers. The 
discussion ijxemplilies the difference of opinion and the 
^t'xtensive theorising which may take plac(? upon these sub- 
jects, obliging'' us to decide upon and explain a certain line 
of practice without devoting space to the Theory and proofs 
of the rules in every case. * 

A ‘transition, sometimes called casement, curve may be 
defined as a. curve whose degree of curvature gradually 
increases so as to make a^n easy change from a straight line 
to a circuhif* curve, or from omt circular curve to another of 
different radius. 

Afternatively, a transition curve iiHiy be dcfm/ial as‘ a 
curve of constantly clianging radius so as to allow the super- 
elevation due to a circular curve «to be attained at a regular 
gradient; the curve i)V,iug designed so that th(‘ el *vation at 
any* point is correct for the ciijvaiur(‘ at that point. 

Accoiding to the idea of Shortt, the latter definition 
hardly applies, Kecausw Ik* states that a. c\jrve with no Buper- 
eJevation is moie in need of easing than one with it. 

We are in jigreement with this, and advocate in practice, 
that similar transitions la* used for the same radius, whether 
the curve is super- (‘Jevated or not. 

A curve which provides for the conditions of the second 
definition is ,dhc Cubic Parabola, the transit;^on curve 
generally adopted in this country, and to wHich the following 
notes fipply. Its use is by no means new, as it was pro- 
pounded by Froude about 18()0. Mention i^giay be made of 
other curves as follows: — 

10 Chord Spiral. Adopted by American Kailway Kng. 

Association. 

Holbrook U.S.A. 

Crandall ,, “ ,, 

Tnjbofr o 

<■ Searfes ,, 

Lcmniscate of curve often UBed on Tramwavs, but 

Bernoulli. which has been advocated for Rl^s. 

i ' It must be noted that the easing of the sharp curves 
used on tramways, presents a different problem to that of 
rafKvay curves. 
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I TRANSITION CURVES. 

Piob« I. Transition Cunre belweeii a Straight Line and a 
GIiQular CurYOi ' 

^If a circular cun^‘, aftcrwa/ds referred to* as an arc, 
springs from, that is^ touches, a straight line, and it. is 
desired •to place a transition curve •betwx'cn them, then 
either the arc, or the line, or botli, must bo mov^ so^hat 
they do not touch, and there is -a certain minimum gap 
between them. ^ • • 

* This gap is cabled the Shift (S) and it is one of the* 
three main dimensions with regard to a transition curve. 

A second diihonsion is the length (li) of the transition 
curve from its "Springing poinl:- to its termination where it 
joins the arc. ^ 

A third dimension is the Radius (II) of the arc. * 

R. being known, either or S may be chosen. If L.is 
decid(‘d upon, S mav he found tkus : — 

S - - 24 R Rule X— 1. 


Or, if S is known, and Jj is n'qifirod : — • 

^ L = V 24 V S^x R Rule X.— 2. 

L, however, is usually the correTst dimension to choose, 
and there are two methods of making a suitable ivfioiee. 

1st Method* — By taking the •supeiA levation 4o. be 
given to the arc and making L suflicient to^un it out at an 
easy gradient. , 

One inch in hfi fe<'t or 1 in 792 is a commonly used 
“run-out." Thus, if the elevation is* Tuns., L would be 
made 5x66 = 830ft. ft may he noted that Froude used a 
gradient tvf 1 ii^300. • • 

2nd Method. — By making Tj bear a definite relation to 
the Radius, thus Shortt advocates that: — • 

L in chains = ^ R in chains ) v v « 

f Rule X.— 3. 

L in feet = 8*i2 X ^ R in feet) 

•Thus for a curve of 25 chains Radius, L would be made 
, V 25 = 5 Chams ; and for a curve of 1600ft. Radius, L would 
be8-12 X v'ieOO = 8-12 >*40 = 32of(f. *.» 

In the second method, the loss the Radius, the less the 
transition length; whilst by fhe first, the reverse will 
generally be the ease. ^ 

The second method is K^coinmendcd chi(*fly because the 
very fact of a small rtfdius casting, usually .means Jfss 
length available for J:ransitioJi. 
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. , 

No]jr if a rul^ is* adopted such that L shall bear a 

certain relation to R, such as L chains— v R'cEaSs, tha> is 

R - L^, then S will be a constant, because with all dig^ien- 
sions in chains: — * 


or 


. 24B 
. L» 

= tl • 


24 X L* 


i.e. S = -i. Chain = 2' 9*' 

This is the Shift worked to by Shortt on high speed 
cur’^'s, hut with sharp curves or in confined places, we may 
liave tf) bo satisfic'd wjtli much less shift and shorter 
itansit ion -curves. 

« 

^ l\om Table 21 may quickly be calculati'd the transition 
U'ngth.«^ (L) for various Shifts. " «■ * 



DB^S 

/!£ ~ (a/orn^ ctjr¥c) 


Referring to Fig. 1, having calculated B from R and L, 
or in some ‘cases Tj from B and R, the original arc shown in 
(lottc.'d lines fimst be moved to DKF, paffallel to its first 
position, or alternatively the line AB(^ may be moved, 
until there is a gap D B between^the arc and the line O'qual 
to S. t 

This gaj) will be opposite the original tangent point B. ^ 
A ifasaition ^.\irve has then to be run from the line 
A B C to the arc D EF. 

The offset from the Tine A B C to G, the centre of 
fcansition, is 4 S, and it will be fouijd that the offset CE = 
Y, to the end of transition, is 6x4. 

To obtain intermediate point^s, other offsets (y) from 
the line ABC 'may be set. « 
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Now all offsets are proportional , to the cube of their 
distances fjoni the springing point- /I, measured alc^g the 
ciir’^ ^ • • 

This principle is iiscA in obtaining other offsets. 

'rho basis of ihe f)roportion may* bo the end offset. 
Y = Sx4. ^ 

Then for* any offset y at a distapfc xffrom A, \ve have: 
y : - 4 ^ : L® 

* X® 

-■* y " 4S X — • Rule X. — 4. 

• ^ L® 

' The iunnlH‘r of offselM roqiiln'd depends upon the length 
of eiirve, etc. Table *2*2 ruable^s offset?- to he readily ealcu- 
!at(‘rl \vh(^n L is divided into 8, 10, or 12 jiarls. 

If onl;\ 4 offsets an' iieedc'd, us*o tht' Tabl(‘ Mr.8 ()ffs('t^> 
iiiiiilting the ffrd. olli. and Till * b'or o or t) ofTseds usti 
'i’atles for 10 or li^ Is, omilting the odd nunffx'ri'd 
otTseds. * m ^ 

•It must he iindc'r^locxb thaf if tht' transition curv(' is 
divided int(ji a certain niimhi'r of eqiifilajairls, then whatev'r 
its length may I)e, the list o^ offsets is aluays llu' same 
for a certain shift. * 

d'hiis if 1 j is di^id(Hl into eight (‘(pad ]>a)ds and tlu' siiift 
is 2' 0" or JtW, th(' end offset will 1 k' 2' 0" =- 1 1' and 

the other offsets will Ix' : — 



ins. 

• 

• .ft. 

ins. 

•1st oQset 

= 132 >? 

•002 = 

Oi; 

2nd „ 

-= „ X 

•0156 = 

2 

3rd* 

=- ., X 

•053 = 

7 

4th „ 

--- X 

•125 = 1 

4i 

5th „ 

^ ..’x 

•244 = 2 

H} 

Gth ,, 

--- „ X 

•423 =• 4 

7i 

7 til 1, 

= X 

•670 = 7 

• 

4i 

8th „ 

=- „ X 1-000 =11 

• 

0 


A further fact which may bo. of use, is that offsets 
the, transition curvt' taken from the part of the arc pro- 
duced, E D, beginning at are -practically equal to thos^ 
from the line fi B C bLjginning nt A. 
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, CHAPTBR X. . 

Pvob. 2. Traii8itlo<i\ Curte between Revevse Curves. 

In this, as in the former caseji there must*he a gap or 
Shift (SJ before a transVtiori curve ^can be attg^ined. ^ 

The shift in this case is the lAast distance between the 
two arcs. Let It ^arid r indicate |the radii of tiie arcs, R 
bTingJlie greater radius. One ideal for a transition curve 
would bl.' bne whof.e tofol length L= ' R cliain^^-f Vr chains, 
and to arrange each of' the two parts as i^ii sprang from a 
straight Jiiie, this line being a coinii]on tangent to the two 
parts of the reverse transition ciirve. 

This ideal can very seldom be attuini‘d because the 
shift between the arcs vvciiild bo roughty eight times #lhe 
2' 9"* shift d\ie to each curve from a straight, or 22' 0". 

* Another method is to make the two parts of the tran- 
sition cui;ve duplicatt‘s«of ouch other, except that the one 
*for the ‘.Trc of less radius^ is mmle longer than the other. 

^'Voiule s method, t an explanation of which will no^' be 
given, will be found easy to use and to give a sAtisfactory 
curve when the shift is« pre determined, as will nearly 
always be the case in practice T 



Relfemng to*Fig. 2 whiclf shows a dimensioned example, 
as follows: — 


Shifted arc ABC = SOO' Radius (R). 

,, DEF = 4iW , (r). 

Shift CD ^5' 6" ^This is where the arcs are 
Nearest to one another), 
t Beo Manual ol Civil Engineerjng, Haftkine. 


ISO 




TRAXSITIO^I CORVES. 


The rule for L, wi% all dixhengions in the same unit, 

Vv’ill be ; — , I ^ ^ 

L = y^4x8x|^'t RuleX.-5. 

In the example L = ^24 x 6-5 x 

- t/ni;,5.5 

- Y X 00 X JQyy 

=. ' 24 x'5-6 X 24Cr 

*-= ''^GSO • 

=• m' 

If L ih tlu‘ ^'ivcn dinu-nsion, and S is n-quirod : — 

S - L" ^ (24 X '■) f Rule X.-^6. 

^ \ • R -h r/ 

rill* inuldlf ()()int ef tli(* transition* cuirvc will at G\ 
the* jpi'ntrc of the shift (' Its fmls nnu bo juarki-d off by 
(i H and (i ^ cacli equal to ^ L or 80'.^ ^ 

I'he offsets to each half of.tho transition curve may be 
s('t from each arc ])ro(hiee(l, beginning at the end 7j for 
curve H (/, and at E for E (/•. • * ^ . 

The offsets will inereast* proportionally to the cube* of 
their distances frotn B and E. ^I'ablo 22 may be used to 
ealculato the offsets required; thus suppose the last offset 
(i (', which is half tin* shift, equals jift. hlns. or 38ins. and 
a points are required in i*acli curve, then from 'Fable 22, 
-taking cven#offset# only, * • 




• 

• 


ins. 

in>. ft. 

14 ; s. 

1st 

offset — .‘13 X 

il 

II 

00 

o 

0 -i 

2 nd 

• 

.> .. X 

•Of.4- 2-11 =■ 

0.1 

“H 

JJrd 

11 » » ^ 

•210=. 7-] 28 = 


• 4th 

X 

•.jl 2 = 16-890=l 

« • 


5th 

,, .. X 

H)00 = 33-0 =2 

9 ' 



• 



In Fig. 2 all dimensions are shown for curves of 400ft'. 
and 600ft. radius with 5£t. &ins. shift. ^ 


t These ere the eKpresiionsi.for *‘£qipvalent Badiua'Vmee.Chap. XIII. 
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• « 

Prob. |3. Transition Cunre between Curves of Similar 


Flexure. | f 

Sliortt shows that it is not nec^f ssary to use a transition 
curve unless the dffference in racl^ of the curvt‘s exceeds 
li^perj^ent. His rule for the transition length is : — 

L = (l - I) X Rule X.— Y. 

* 

where r is the lesser i;aclius, and all lengths are in cliaina 

The formiihe connecting L, S, and R,* each in the same 
unit \vill be : — ^ 

. L = y '‘24 *x s X ® ^ X Rule X.— 8. 

« 

8 = L* j (24 X ^ ftule X,— 9. • 

i 



The (^rocedun* will be similar to tliat .explained above 
for reverse •curves, but with reference fo Fig. 8, which 
shows all dimensions for curves of 6 and 24 chains radius 
and a pre-determinod shift of Ifc. 2ins. * 


' The. offsets may all «be set from the flatter arc, t*he end 
offset heina S x 4. • 

It will be found that unless the radii arc very different, 
Rule X.--7 will give a very short transition, and Rule X.-9 
a very small shift, for example : with curves of 20 and 10 
^ 5 hains radius, L will only be l-58*chains, and 8 will only 
4iin9. * < 


t These are the expreseiona for **«Eqai valent Badios^'see Chap. XIII. 



I TRANSITION CtJRVSS. 

INSEETION OF 'rBANSlTION^^ CURVES IN EXISTING 



Prob. 4. Under an existing alignment, an arc .A' a; F, mere 
or less regular, Joins a straight M X Q, iMg. 4. To 
insert a Transition Curve. ^ 

1st. — Obtain Radius of arc (R) from a Vorsod siij^‘ (v) 
on?i cIkjikI K F, whicli is cstijnatfd to bt* ju^'t cloar of the 
transition curve. ^ * • 

■•Jnd. — At E draw a tarifi^nt E H to th«3 arc and produce 
il to cut ^kQ at J. Draw EQ sqiiaiu to M Q. MoasiRv 
EJ~in, JQ-n, and KQ - \). • 

drd. — Find point IJ wiiero are EF when produced '.vill 
touch line M N Q, iV if not that line, “a line*i)arallel t(? >t, 
thus:— • 


QD = EK^UxI. ^ (FromEul0C4O.) *Rule X.— 10. 

m 


XD=V=R-(rx 

DN = d = p ~ V 

If the arc produced touches tbc'. line M d Adll be nil 
and the arc and tine must be moved apart by *'ie required 
shift (S). 

IT, owing to some easerftont having already being made, 
d is suflicient to l)o made thi* shift, a transition may bo put 
in without alteration of the main ^arts of the arc or lino, * 
its centre being at the middle of point d.,‘ • ^ 

If V ia greater than p, tne arc produced cutJ the lino 
and they must bo moved apart by^d + S. 

If d is smaller than the necessary shift, the line and 
arc must be moved apart by S — d. This is the case showni 
on the diagram, where the Ihie M N Q has been shifted to 
ABC. • ■ 




'rom Rule *043.) Rule X.— li. 


*fiin D® 


tC 08 DO 



CHAPTBA X. 


After the moven^nt, the transition curve may be lined 
out described in Prob. 1, the. same reference letters 
applying, ihbut point E will need altering to conform ^tho 
calculated length. ^ , 

.Prob. 5. To insoi^a ^Transition (Virve between -a straight 
j^HC and an arc H?J F of radius R, which touch at 
/i. Nvhen nalth^ the straight nor the marin part of the 
arc may be shifted. (Fig. 5.) 



• '^his is a very ceJinrnon case in pracHce. 

In order ^to obtaii^ a shift it will bo necessary to reduce 
the arc to one of smaller radius (r) as it approaches the 
straight, and to nvi the tran.^sition curve to the now arc. 

Case 1. — When the arc cannot be altered beyond a 
certain point t/iJ. • 

IsC. — Choose the shift (S). 

2nd.-^Draw a line E*H and on it find point D which is 
at f distance S from A C, Dra^ D B square to 
AC and bisect it at O, which point will be the 
middle of the transition curve. 


3rd. — Measures and DH — n, and calculate r. 






R X (ill n) 

r =♦ — 

m 


Rule X.— 12. 


I’his is deduced /roin the similar triangles KH E 
and Ij B E . 


4th. — The transition curve may the set out as previously 
explained, its length (L)^will be: — 

L“ ^24xSxrt. (by Buie K. — 2.) 
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_ TRA;piTIOif ; QtoVES. 

ed that; tht) transition curjre will 
join the ncAv arc at M. The distancejAi R should not Be too 
sinal^ about un engine Jb^igth being suitable. If 4 )oint M 
falls IWyond pcJlnt E, thelfehift must be reduced. 

Case — When it il decided to reduce the arc to a 

certain radius (r), Fig. 5. ‘ • 

In order tdiat a transition curve shall rfiot be Aocessary 
between the two arcs the reduction In radius should not 
exetied 15 per cent. 

1st. — Choosr^ the shift (S). ^ 

2n(l. — The tangent point E of the two arcs, and the 
point 1), where the new*® arc will be nearest to the 
line. .1 aae requirt'd, so calculate m and n, thus: 

m = • Rule X.— la . 

V R — r ‘ 


If =.- 


2 x_s_x^ 
in 


Rtfle X.— 14. 

» 


3rd. — From point, 11 fix^E by distance in, and on line 
li ^ fix point D by distance n.* • 

Draw D B which ^vill equal S, and b;sect it 
at G which will be the rniddlf point* of the tran- 
sition curve*. 


4th. — Tjenglh of transition curve (L) : — 

L = \/24 X S X r • 

The iibovo ruK's for m iin^ n arise tfiiis; — 
From similar triangles HD B and KHJ. 
•,n _ ^ • 2SB 

S ~ ” m 

• • 
an^ from triangles KH E and L D E, 

R _ r . ^ fa (B - r) 

— R* 

So i®- 

m B 


m 


_ . /2SR* 
— V 'R_r 
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CHAPTER Xr. 




OB/LPTER f,XI. 

I 


. i;he swjtoh. 

TKu fcerms u^ally. adopted with regard td the parts of 
the switch and its appbrtenances, arc shown on Figs. XI.-2 
and 3. » 

The switches in juse for railway track are as a rule of 
the straight type, that is, W’hen placed against a straight 
stock or back rail, the running edge Of the switch is a 
straight line. ^ 

It will readily be sei'ii that when such a switch is placed 
.close agakist a hack rftil, which is bent to conform to a 
curved main line, the switch will take up the same curvature 
as thv> main lim*, because whatever i'urvature there ijj in 
the back rail, is transimitted to the switch. * 

'iduTo are exceptions to th'' rule, the shorter switches 
ot some railw’ays having their running edges cunved to some 
fixed radius, not m*C('ssarily, that of a turnout curve. This 
kind of l&witch is generally adopted on trainw'ays. 

• « 

A type o{ switch which can hardly be called an excep- 
tion to the rule, is the ‘'springing” switch (Fig. 3). In 
this, the switch is straight from Ihe toe to a point w’hcre 
the wheel flange (;learauc^^ is obtained; here there is no joint, 
but a “virtual heel “ about which the switch pivots. The 
remainder of the switch is hejd firmly in chairs and forms 
part of the curve of the diverging road, t * 

For purposes of calculation, the length (S) of this 
switch muaj. be taken as the distance frtvn the toe to the 
virtual heel and not to the heel joint. 

« 

The Switch Heel Divergence. ^ 

The heel divergence* of the switch and the gauge of the 
raihva^ art* the *basic dimensions for nearly all point and 
crossing calculations. The former is thus a very important 
dimension. c 

^ ^Jdie heel divergence which will afterwards be referred 5 
to as “H,“ is the distance. bet\Pcen gauge lines at the >1 
ipvitch heel, and so is equal to .♦the width of the rail head ^ 
plus the flnngeway. 

m 



THE SWITCH. 


On British main lipes the flang^?wray varies from lj|ins. 

Rail heads vary from 2 ^* 15 ^ 11 . for 80 lb. seqfbion’l^’o 
Sfins. for 90 lb. section^md over. Tf'hus the heel divergences 
ma^vary from 4 ^ins . ’ 

It would be an allvantage if H could be fixed as a 
standard * dimension. In practically^ all the examples [uid 
tables H will be taken as 4 Jins. This, with rail heaite Sfins. 
wide, will ^ve IJins. flangeway. *jlt rftust be rmted that 
4Jins. is §ft., and this givea simple* values for obtaining the 
switch angle, which is the angle the switch makes with tlie 

stock rail in the main line. 

• 

Tba Switch An^e. 

One way of measuring the sw itch angle is b\ its rate of 
divergence. Tliis h the ratio of II to the switch length ^S) 

To find M, when tlu* Angle of JDivergetice is “1 in M." 
divid(‘ S by H , or : — ^ *• 

M = S - H Rule XL— 

•Example. S = 12 ' and H ” 

Then M,-- 1^" 4i" 

= 32 * 

The practical mind will stje that with these f1*at angles 
it is iinniaterial whether they an* rnejsiirod J^y Right ^ngle 
or Centre Tane Measure,* and in this volume wv shall 
change from one to the other as suits tlu* purpose. The 
term Cot A " wdll be used for the Right Angle Measure, 
whilst the symbol “M” will be used fpr tlio Centre Line 
Measure. • 

Cot A and M will be ta^en at the same' valoe, which in 
the example givffii above is 32. * 

For some purposes it is necessary tu know tlie me.Lsurt* 
of the switch aiigle in degrees, minutes,' and ^ seconds, this 
measurement being referred to as “'A.'' 

•lo find the angle A : Bivide H by S (in the same units), 
which will ^ive the Tangent of the angle; then consulting 
Trigonometrical Tables, the angle? A will be found opposit(? 
* to a tangent of this value. • 

It may be noted, luwevor, that A is practically propor- 
tional to the switch length; for instance, with 4 Jins. IT, w'e 
may obtain A by dividing 21 28' 52" by S in feet. The* 
error with g = 0 feet i 3 il 2 seconds, and with .8 = 10 feet #s 

1 second. ^ 

* See Chapter XII. 
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CHAPTER XI. 


It is not necessary find the an]^le A to obtain its own 
ratios, fcr instance: — • 

ft CCot A )=* S H / dai- 'z 

S J 


and CostA = 


<8® + H6) 


The angles of switches with various divergences, and 
also their Cotangents nnll'Cosino^ will be found in T^Jhle 28. 

The following table will form a guide to various heel 
divergences in use, but<the reader should farefully ascertain 
the dimension in the particular switches he is concerned 
with, * 


TABLE XI.— 1. 






— » 


THE SWITCH. 


Tha Curved Switch. * 

^Thougfc the straight switch hp survived as^ the type 
mo^ acoeptsble in gtVeral practice, the curved switch 
possesses at least two ullvtuitages which should not be over- 
looked. • I . , * 

The first is, that with the same length of 8\yj»kp;^Tui 
easier defieettng angle from the main is obtained, liad at the 
same time a slightly tlalt(j;r turmnlt curve for the same, 
length of lead. 

The second is, that a turnout to the outside of a curved 
main, may be laid 40 a better line. * 

Tf we consider such a tiinuaut in a main of fairly sharp 
curve, which must he maintained throughout, we see that 
ail originally straigrit switch is bent to conform to the naiin 
curvi* ; then at f hi‘ heel occurs a revijrse to follow th»' turnout 
curve. . 

Now a switch which is curved originally, will on^eing 
placed c[()se against ^a stock rail with the same amount of 
curvature in the opposite direction, bec^ime straight. 

A comparison lietweeni the two sketches (Fig. 1) will 
show that jv better lino is formed for tli^ turnout in the latter 
case. * 

On those railways where straight swatches •aiv the 
standard, the bonA in the switch wiUti con fra turnoulS.is 
sometimes avoided by cutting 3ft. or so from fhe end next to 
the heel and also by packing out the heel as fur us tli(‘ 
fastenings wnll allow. If such devices ani adopted, th(' 
necessary allowances must bo made in CrPlculatioiis. 

The disadvantages of th(* curved swatch are of a construc- 
tional naturiP, grijiding in addition to planing required 

to form the curve, also the awdtch becomes rather thin at 
the middle. ^ , • 

In Chapter 4CV. it is shown that an equiA^ilent length 
of straight awdteh can be found, w'hich will have the same 
angle}* as that of a given #urvod switch, thus making the 
remaining calculations the same in both cases. 


of • 

Th^ question of what tlffe switch lenj^th (S) %lfould be 
in relation to either the Eodius of the turnout, curve (B),* 
the Crossing Angle Number (N), t>r the length of the Le^ 
(L),f will now be deal t with . ^ 

* If the main is curved, K miut iSb taken as the Equivalent Radius 
, the tuxDout, see Chapter 3aII. , ' 

t For .definition! of these ^erms sea Chapter XIII. 
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S a matter of r choice, but il may be chosen with 
certain considerations in^mind. * ^ 

It is here rccominonded that k should bd sufticio^ to 
ensure that a numbe;C of M’hoels attalhed to the same frame, 

^' ill suffer no more del?ect.ion fron). a straight liiie, when 
passing ''ver the switch angle than they do wdicn traversing 
the turnout curve. ^ ^ • 

This condition will be fulfilled if the switch length is 

not less than * v'E X or with H, ^ \ R' X -612. 

• 

When 8 is Jongt^r than half the li‘ngth/)ver the wheels, 
the length obtained by this 'formula more than attains the 
object, so from this and several otlur considerations, the. 
following rules are recoTnnumded for the minimum length 
of switch 'S) in feet, vith the usual H's of 4ims. or 
thereabouts. 

S = N X li ' RuleXL-2. ' ' 

S = * ►''E'!x"581 „ XI.--3. 

L;=--L'4-4-08 „ XL- 4. 

^rh('se rc'lations may be looked upon as ideal, and subject 
to :noditicali()n in certain cases, for (‘xani'ple, it is usual not 
to allow switches less than about 15ft. Jong in the main line, 
^because ^^ith usual distances apart of wheels, a following 
wheel comes on to such a switch before a leading wheel gets 
past the he<d ehairT and thus “rocking “ is minimised. 

Again, w’th very long turnouts from the inside of a 
curved main, it is often necessary to be satisfied if S is not 
less than N X H, whilst with short turnouts to the outside 
of a curve, it may be advisable to make S = N x 2 or more. 

In a turnout the dimensions N, v'R,* and h hear definite 
relations to one another, as explained in Chapters XIII. and 
XXIV., and on this basis jbhe three rules are devised to give 
the same result for S whichever dimension is used in 
finding it. 

Table 29 shows the maximum R, N, and L which 
should be used with given lengths of switches, in accordance 
with the rules above. 


* Tf tbe main is curved, B muse be taken ai the Equivalent Radius of 
the turnout, see Chapter XIII* * 
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I THE SWITCH. 

In Tjibl(‘S 40 and 47. \Yill be found tfto relations between 

S and v/ii, and between S and L. cj)rl‘esponding to roller 
given ^^lationS between S ^nd N, for ipstance : — ^ 

When IS - N > U 
then’s -- ' R-X.-493 
andS-=L^4C2 , 

, t 

SWnVHES, P.RA(TICAt/1)ETA1E dimensions. 

The following tables of diiiu‘iiMo^as ^^ith which the 
r(‘Mder should be fajniliar, are intended to l)e completed in’ 
accordance with (lie |)r.K'lice of tlfe railway upon which he 
is engaged. • 

The rtihvenee letti rs thus (a), show where the diiu(‘n- 
sions an* inarki'd on Eigs. XI. -2 and '• 

Fig. 2 sliou'j^ an ordinary type of switch pivotting at llie 
lu'el^oiiit, Aind Fig. -'1 sHiow s a springing switeli pivottiri}^ 
tlie place marked ‘‘ Virtual Ile<‘l.’'^ • • 


TAIILE XI.—2. 


SWITCH LENGTHS FOR VARIOL-S PURPOSES. ' 
(Refer also to Table 29.) 


• 

• . . 

Minimum to be used in main line ... 

• 

• 

« ' 

Usual for crossover roads and trailing 
connections in main lines 

- 

• • 

Main Jine junctions, with curves 
entailing no reduction of speed for' 
fast traffic 

A...^ 

Usual for gathering lines in siding 
groups 

• . * 

• 

For Catch points ....f 


pviiiivo 

1 


F IGl 




chapter XI. 


fiMHemlQwr wmot 





TUE SWITCH. 


TABLE XI.— 8.i * 


SWITCHES, DETAIL DIMENSIONS. 



* AIbo named Ade raila nr badi laila. 
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CHAPTER XT. 


.TABLE xr.— 1. 
1 . 


SWrrCJIKS DET.MI. i)lMrNS[ONS--coR^iy/?;crZ. 


Ktjfor to XT'. ‘i'rtiirt .‘i. 

~ ttiii III.- - i;i 11. 


Distances apiii t of chairs ! 
(ee.ntro to cenliv) : - - 

Siidtj chairs ]i i 

“■n - 
n.', 

c 

n,. 

Hs ’ 

Last Slide aiMl Iloeldiair. p 

K Il(*el chair and 'I’umout 
chair f) , 

Turnout cliairs ^(].^ 

# , 

II n 4.’} 

II II — 4 S'- 

Divergences (FI) ot chairs: - ■ 

At IJecl.cIiair ; 

„ i; M springing 

switcli ; 

Turnout chair No. 1 ' 


II II 


2 ... 


, ...| 
„ >■ ^ •••[ 


i i 


Swilcll leiigiii. 


♦These distances may vary according to the Badiua of the turiiont curve, 
t T^'or particulars of switch cha'^'s see Chapter III. 
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THE SWITCH 


! 

• • 

Throw ol' to(‘ of switch nt : — 

Faci4i;j; points 
'.I'railinjjf point 
Cutcll pniiils 
Toinls in sidin^^s 

DistMiici' facinp: and trailing 

f)<)iTjl^, with torr* of si.indji'd sUx-lc r.iils 
butting: — • ^ 

N'otk - -'riiis an nbjocf iona))Ic arrangc- 
!ii' nt, fca'ining a bad road froin niu^ tiirnoul to 
^lio olbor • 

1 )i'>P!m(*r hot lacing and trading j)f;intN 

to all<i\\ Col’ locMin: l)ar of s#and.ird ii'nglh 
( ), bllW^^itiI no r'ut rails: — ^ 

Ollier di^laiices with ]‘Og*ai’d t(j switcla/s 
will be found in (.'iiTiph'r 1 1 (Signallin^aiTang^-'- 
nients), and i list of 8wileh (’hairs is included 
in Chapter lU. 




CHAi^TBR XII. 


1 


chIpteb 111. 


.TH^ CROSSING. 

'^rhfc* ^;(;rms uru ally adopted with regard to^the parts of 
the Acute or Vee Crossing and its appurtenances, are shown 
on Figs. XII.~8 and 9. • ‘ ^ 

Methods of measuring the Angle. 

Three of the practical methods of measuring the angle 
of a crossing, which are, or have been used*in railway work, 
are explained by Figs. 1, 2, and 3, a 1 in 3 crossing being 
shown, as measured bv each method. 


, c 

r 

Centre '^Line Measui'e 
{C.L.M.) 

ric.M'i. 

-T 

Kemarks. 

Adopted on many British railways. 

© 

Is the standard in U.S.A.' 

Used by authors—Donalclson, 1871. 

W. P. Hales, 1889. 

Bight Angle Measnre 
- (R.A.M.) 

nc.xa-2. V 

iJ^ST-4 

Is the standard in India. 

< 

Used by authors — W. H.^Cole. 

£. H. Young 
(Proc. Inst. O.E.) 

b 

Isosceles Measure 

j 

Is the British Engineering Standards 

^ (Isos. M.) 

' Association standard for Tramway 


Track (1919). 


Usj^d by authors — F. W. Atkinson, 


J, Whitelaw, 


0 


^ Tiu addition, there aro* the scientific ifieasures of an 
aMle ' ^ ‘ 

1 # ' 






THE 


I 

1. In Degrees, IVtiruitcs, jand Seconds, which it is 
necessary to use in developing trutf ^^athetnatieal f^mulse. 
I’h\princi{>les of this ijieaaure are/explaifted in Chapter V. 

Circutar or Ealian Measure, which is useful in 
arriving at formulie tcJgive turnout loads w^hen measured 
along the curve, as developed by Jl. JJ. Young, Tnst.CJ^ 
Proc., 1901-2. The principles of this measure ai;^g»*cii ni 
Table 1. * ; • • 

^ There is i^oom for much dischssion upon the relative 
merits of the three pKactical ways of measuring the angle. 

A point in favour of E.A.M. is, ^hat it is the method of 
measuring angles used in nearly all other branches of 
engineering. * • 

Isosceles mef\<iure is possibly the easiest by which an 
angle, can be set out. • 

(J.L.M. has certain disadvani-ages, one being that it 
(loos not appear to be used in gfiny other kimi. of work, 
another that it is ijot easy to set out the angle agjj^st a 
hxed lirJe. 

It will be seen, however^ on ^oing deeper •into the 
subject, that it possesses « strong advantage, namely, that 
the convt^sion of strictly accurate ^niithematical foriiy.jlai 
into practical rules is fairly jiimple, and when these rules 
are furtlier airnplilied for quickly calculating approximate 
dimensions, .more •‘accuracy is obtaimfble with G.L.M.^iJian 
with other measures. • 

^ .'J hough the method of meaHuremeiit makers very little 
•difference in liat angles, the difference is more marked in 
angles of small number, and it need hardly be said that* it 
is most important that a uniform *m(‘tho(l of measurement 
should be ^standardised and thoroughly un(^^rstood by all 
concerned. 

The C.L.J^f. has been adoptejl on many British railways, 
Jbut so far has^not been standardised thereof, though the 
question has been brought forward by the Pernianent Way 
Insritution. • 

i’ojr reasons which will appear froni the foregoing 
remarks, CX-Mk will be adopted* in this volume ; In Tabk- 

however, will be found the values of C.LJVI. angles of 
a given Number, when nfeasured E.A. and* Isosceles 
Measured, as well as by Degreea^aqd Slinutes. 

Convefsion of Angle Measures. 

The following tabfe wiU s]how how one measure mayd)e^ 
converted to another:, many of the fortnulte, however, being 
only of matbematical interest. 

4^7 



CHAPTER XII.. 


In ('rtch ca«ie N isMu* n/ the angh' by the given 

iriGrtsint?* th<-<rrquired number by another measure, 

and B the angle in degrJjos. » • ^ 

TABLE XTI.-il. * ^ 


■ 


' Tcr^vvcrt. 

into 

t 

« 

ags. &Mins. (B) 

C. L. M. 

r ; 

Do. Do, 

RA.M. , 

Do. Do. 

Isos. M. 

C. 

Degs. & ilins. 



Do. 

1 

R. A. M. ‘ 

( 

<• i 

i 

Dot' 

Isos. ^I. ! 

». * 

i 

R. A. M. 

Degs. <fe Mins. 

c 

Do. 

4 

1 

C. L. M . 

Do. ' 

f 

Isos. M! j 

Isosceles 

j 

Degs. & Mins.; 


N 1 - J Cosec of 4 Angle J3. 3 

B “ Twice the Angle 4 
whose Cot is 2 X N or 
o t herwfsc Cot 4 B - 2N . ‘ 

Nf-N---^ 5 


M, - ' N“ + i 


is N. 


N + v'N® + 1 


Do. 
t Do. 


' whose Cosec is 2 X N . 

, { or olherwise Gosec 

I IB-2N. ; 

i ‘ , 1 

C.L.M. . ‘Ni = V4N*-l4-2 11 


B. A. M. IN., 
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TirE CROSSING. 



Ali---AG -■ \ N'^ + (i)- - I N‘4+i (Euclid 1., 47). ' 
Thti triiinglow 19 (.' 1) juid .1 ]) K an- Kiinilar, 

mu r BCXAE • N* 

Ihereforo HD - 


And DC ^ 


liCxIiE‘ 


i 


Ali 

And AD =-AC-DC 




A N"4- ? 

N"-i ’ * 

v'N®+j • 

Then, ta,';ing the sides of, the rigid-iingk'd triangle 
AB D, we got • 


UT. N“-i N 

,CotB 


Cosec B = v' N " + i 


N 


V i 


Rule XII. -IS. 

N#+i • t 1 

= M - 

N 4N 

Rule XII. — 14. 


N *'^ — - - 1^2 __ 1 9 • 

Cos B = ----- -5- v'N;; + i = j or 1 - 


("h 1 

Rule XI1.-^15. 



CnAI'TEll XU. 


The Tan, Sin, ancl^Sec, if required, are reciprocals of 
the Cofr, Cosec, and Cos! respectively . ^ 

The above formuhe 'are useful /n compiling a tab]^ of 
the Trigonometrical Ratios of C.li.lVJ. Angles similar to 
Table 30, and also ^in converting ligonometrical, formula 
'iiL-to rules which do not ftivblve the use of trigonometry. 

'riie^forinulte may bo (‘xpressed in words, tiins ; — 

For the Cot; deduct' from N, the reciprocal* of 4 times 

N. Rule XIL— 18- 

('rhis rule also gives the R.A.M. of t*he angh^). 


For the Cosec: add to N, the reciprocal of 4 times N. 

Rule XII.— 14. 

» 

‘For the Cosine ; to the square of twice N mid 1, multiply 
the reciprocal of tVie rcsjilt by 2, and deduct the product 
fifom 1. • Rule XII.— 15.- 


By R.A.M. th(' ratios .are 
*' Cot = N * 
Cosec -= V jF+l 
N . 


Rule XII.— 16. 
Rule XIL— 17. 

Rule XII.— 18. 


By Isosceles 'Measure, the ratios are: — 

Rule XII.— 19. 

1 

N* 


N*- i 


Cm*" Vs--} 

L 


CC^ =:= 1 - 


Rub Xllt— 20. 
Rule 21. 


Sums and Differanoes ot Angles. ' 

, In double turnout, and some other problems, it is 
necessary to ^nd the sum or difference of two angles. 

•’ * * ' 

One w^ay of obtaining an exact result is to convert the 
angles to degrees and then add or deduct them in this 
measure, finally reconverting the result into C-.L. or other 
miasure in use. ^ f 

* *The reciprocal is the result of diiidiug the number Into 1 ; 
see Ghai^er IV, ^ 
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TEIE CtlOSSlNG. 


It is possible, however, to obtain* the sum of two angles 
directly from their numbers: — * • • ^ 

le Numbjr of the SAm of two angles w^hose 
N and M; and let D-thc Number of their 


^Let S^the 
'Numbers ar(? 

Difference. 

Then exact rules (Mi.M.. aijLj 
(N X M) -- k 
M' -f N 




s = 


•. Rdle XII.— 


(N X M) + 1 
^ “ M - N 


Rule XII.— 23. 


and /or approxiiijati' rules we Tiiay neglect the j, and say-: — 

S = Pr()duct of n HI nliers-r their sutu. Rule XII. — 24. 
and D= * ,, -r ,, difference'. 

Rule XII.— 25. 

Examples ; — * * . . 

^ 1. Required the smn of Ihe .‘ineles 1 in .H and I in a. — 


(3 X 5) - i Hi 


5 -t 3 


8 


— 1 in < 


3X5 15 ,,, 

61. g = ^ = 1 m IJ or m 


By exact rule, S = 

By approx. „ S = 

2. Bequired ijii' difference of thf angl^i;s I in 4 ?^nd 1 
in 6; — 

By exact rule, D =i 24i _ 1 in 12 J 

6 — 4 2 


By approx „ D =» 


4X6 

6-4 


24 

2 


1 ip 12 


3. What dill'erence is made by increasing^the number of 
an angle by 1. 

• In this case M — *N = 1 
, ^ N X M 

‘ . . Approx. li = — ■£ — = N X M 

^riius the diffei*ence belw('(‘i\ an angle of 1 in 8 and 1 
in 9 is: 1 (8x9)-l in 72. , 

• • , • ^ 

On the same principle, the difference for ^ is 4 x N x M, 

for example, the difference bet\\con 1 in 8 and 1 in 8| is : — 
4x8x8i: = l in 2fVl 

and the difference in the sj^read at the end of 12fl:. “ legs " 
will be 12'^264 = *65\ ' 
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CHAPTER XTI 


1 


Tho Hpproxiinate Vulos will ser^e w'illi very liltli' error 
sev.M. as well fisii.!. fi.lVI., but it is better to use exact 


for Is(\< 

rules for E.A.M., whicl^ arc: — 
_(NXM)-1 
'lij: + N " 




T) (N X -f 1 


I 


ule XII.— 26. 


Rule XII.~27. 


Setting out of Crossing Angles. 

'J’lic spitin^^ out of, un of 1 in by (Mj.M. nppcls 

'xplanation urijpss Hk*. posilion of oiu' “ ’ of an an.d(^ 


no 

is iixt'cl in a 


dv('n lint 


aiv<;n Un^. 





Oiit' niplbfid in this case*, is 
to a oui- Fool nilr ;it ficlit 

' an;^]i‘s to M lajipat N IVi'l ihcn-on, 
'liu* tap(‘ rinu; bciiif^ lipld al tlip 
crosMiig point and oiu‘ end if 
lh(‘ rul(‘ loiK'binf; llip liru*. 

ThpV)lhpr end will llipix <^ivo tho linp of lli(‘ crossing 
1 p", as indioatid in .1. * ^ 

(lonpndiy. li()\u-\pr, botU in drasvin;.' am] stdtin^ oui. 
a ])cttpr fiToppss is tt) ccaivort ilip auj^t* to Isos M. (/.p., usi* 
'rabl(^ dOj. ddipii iln* lapp rinj^^ bold al tlic' crossing' 

point, swppp .‘ill arc with a radius -- Ihr Is(*s.!\J or^/N^lfi 
(KuIp Xn. f)),*and mark «)fF a onp loot clmo]. 


(iivalpv accuracy will bo ob- 
tained by tirsti multiplying the 
isos.i^fi. and flip (y;ip fo(!»t In somo 
niiinber. l‘"i^. T) sliows the lino 
.of a *1 in 4 emssin;^ jirodiiccd l)y 
.Ibis moMiod, tlu^ ftiiilliplicT beinf^ 
10. 

t * 

The measurement of the Angles of existing Crossings. < 

I T *’ 

When taking particulars for rekiyinf^, clc , care must ' 
bp taken i 4 oJ» lo measure the spread of a crossing where. it is 
afff^cted by the legs having been lient to a curve. 

f * 

Whi n using an ordinary pocket ruin it is recommended • 
thj^t the distance between the jioints ^vliere the gauge lines ; 
are lin. and Tins, apart should bJi measured. This distance * 
in feet' multiplied by 2 will give the number. 

m 


k, „ _ 40-51'- ^ J. 

^ 
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TUE CROSSING. 


A lyinpl^ wny of iiieaKiiriri" 


1j3 

ric.ajf- 7 . 




angles is t( 
leinplafes 


tise two thin ifielul 


L (3 tJse 

^ shown in Fig. 

l^lnee these where they tit on ' 
tlie cros‘.;ing, Jind tl\e distance 
i)elwi‘eii .Lh^'in ni inches, (livided ^ 
hv 4, wdl s'i\e tlu' angle. ^ ^ 


Crossings on the Curve. 

'Idle (M'e.'-sing angt' as ohl allied i)y calculation lli(' 
angl(j hi'iweeii two <traVj:ht lines, ami wIkh' muwes extend 
Ihroiigh I he erossli^g ieg^. t he'^e stifiight lines ai'i* the 
l.iMgenls tn '.lie cnitf.es at the point ol the crossing. 


It w'i!! I)(‘ i\idc'4it iliat wlun tlu* crossino ir, |)ut int<) 
the roarl. its will ne(M{ hi miiiig to confi rm to the ciirw, 
i'lit th;it the lengili of ihe cros^ing^ w liicJi is lield by the 
splice, eaniiot he hi nt . * . 


^To help in eonforinini: ihe leg^ to tlie enrvi* the ii^^of 
a siigfilly angle than the calcnlaled angle is ri-eoin- 
meiided when one iTov^ing Irg h*s to bmid aw.s\ fnftn tin* 
otlii'r, .iTid a narrower angle Fti the reverse casi' 

l^hwMiM.K.- -If one leg of a crossing wlticli is calcnlatefl 
.;li I in 7 h.is lo i;e heiil outwards to .a 7 chains (‘wiwe, ^'e 
shoidd us(' a I ill hj, which at 4 ft. fiviii I hi* pf>int W(»tfld 
have J ■' mure spread, ami (hns nearlv give t-hi^olTset diu- th 
the curve at lit., .dt» r whicli point the leg ma^y he curved 
a.‘- najuiri’d. 


Each case will need spe^i.il eouMdej^alion liearing in 
mind that wide ;uigles mean short ?ipli(»i's which may not 
apliri'ciahly yiterfye with iht curve, whilst a^ haig s])lice. 
may mean a lilt cur\e entailing very little alt-eration lo the 

Di’a'Aii. i)]:mkn!S1()Xs of vkf crosmnos. 

. 'n«. notes under this heading niainlv consist of a list of 

the* particulars with wliicli the reailer should he familiar in , 
tlie jiractice of the railway he is engaged up(*n, s|^area being 
left to receive tin? figures whMi apply lo ♦he sauUj'jiractice. 


Eimonsioiis and notes are g^'en in some cases as a 
guide to tlie usual practice. 

'I’he ref(*rence letlew thi^s (a) indicate the dimensiond* 
as marked on Figs, XH. 8 and 9, which show iypicnl 
crossings of w^de and narrow angles respecttvely. • 

f • 1 ' 
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■‘ Cross.nqCheckthojrN-l , C'-oss.n 9 a,«l. Cha,r N? 2 or 3 . 


C^“- v"'" L J ' 

fini? poinl u rMii 


1 : ' Check rail or 

] L-j Guard roil 


P.nepoinl^.u „f.« ,No.e , '^C.itecrossinq.Riqhlhond 

_LJ ®^i\ ' ’Ut" ■•■I- -''.'”1 L_f 1 , — . • 

cJ .y s ij 

, -Fr*!^ y Jl, i 4.!', t ., 

Elftttest Angle of Vee Crossing. Vory 

* 'I’riuling. Fuciug. Excoplioiuil. ixccplional. 
Usual 14 12 IG 20 

Ely. ..., 

Angles of Crossings availsble from Stodc. 

.y....Riv *: » 


Width of Crossing Nos^ (p). . . 

TJsiial and f".|| * 

Elv 

I 

Nose of Crossing to Fine Point, or “ Fine Point Distance ’’ 

(*). 

This- »quals width of nrjpo multiplied by Number of 
crossing ^N). Table 88. Rule Xll. — 28. 

Length of Rails out of ufhleh Crossing Legs are made. 

, Ely. Point rail (a). , Splice rail (b). 





I 


I 


THB OROSSINO. 


It may be noted that# long cro«sing legs tend to smooth 
running, but may take up valuable sjate in siding groups, 

\ \ \ ' 

Again, when the heel# of the legs are opposite, we may 

obtain bett^i^r timbering, I but the change from crossing • 
limbers to .sl(‘t‘pi*rs cannot be made «s t^tirly as when ihe^ 
heels are not opposite. ^ ^ ^ 

A point worthy of consideration* is that it may be^ 
advfeable for certain crossings to be made with legs of' a 
suitable length to suit the limbering in an ordinary crosst)ver 
road with a Gft. spaw. • • 

Splice Distance, i,e.. Crossing Nose to Splice End (e). 

Ely. 1 *in 1 in 1 in 1 in...... 

• « 

Distance from Crossly Nose to Toe of a following set^of 
Swftohes with no cutting of Rails. 

* • Rly. 


• 

• 

\long splice rail (k). • 

Switches. Along ix)int rail (j). 

1 in 

• 

1 ii^ j 1 in* 

1 in 

m 

i 



• 1 

• 


• 

* 

• 

X 



Suitable lenlths to shorten legs by, whdti switches 
follow^ig immediately after a crossing must be nearer to 
erossiri}^ nose tlian a full le^ will allow. 

•.Ely. 


Cnt from point rail. ^ Cut frogi splict^raiL j 

1 in 

1 ill 1 1 in ! l^in , 1 in 

1 ill 


i ! 

^ 1- ! ' 

• 
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CHAPTEIl xn. 


Note. — As it bjjcomes necosEftiry to situate the toe of 
a s^^itcll voTy near tto the crossing nose, the crossing leg 
must bg specially masc* so as tojforrn a stocS rail fe)r the 
switch. . ■ f n r 

length of Check Iw Guard Ralls \m). 



c 

Position of Check Ralls. ‘ . 

Usually c‘U(l of check rail is opposite to end of wing, 
which usually makeS, centre of check 'about opposite neck 
of wing. ^ 

length of Wing Ralls (q). 

, lilv, 

V\’li(*n wings are bent on site tlu'ir length is made to 
suiVtlie i>articular case in hand. , • 

Position of Wing Rail. 

, The free end is yist clear of the collar chairt making the 
length from crossing nose tc\ free end of wing. 

...« h in 1 in 1 in 1 in 


Flangeway olearanoe between Check Rail op Parallel Wing 
Rail* and )[^unnLng Rail. 

Rl^. Normal (F). « At End Check Qhairs (Fi). 

At Check R^il End (F. 2 ). ’ 


In the case of modoni main line track, the followifig four 
. dimctisions cannot well l)a inserted in this table. The bends 
are formedf,l)y compound curves, to decrease the effect ot 
the knfleking of *\vheel flangeS against them. Such bends 
are usually fonn<‘d in tlic wurksbop.s A paper by J. 'F. Ijoc 
in the “‘Per. Way Inst®, .rournal" for 1910," Vol, ITT., 
describes how “ double bending ” may be done by the plate- 
layer, * ^ 

* refers to tba type of wing in wliich the portion held in chairs 
it parallel to l^he running raij. ^ *■ 

I’te 




THE ‘CROSSING. 


Length of Check and 'Paiallel* W^qg Rail Benda 

, Ely. . i 


Centre of Neck Bend <■ Wing to Fine Point of Crossing (u). 

Wifti ordinary sii^lu circular <)cnds this equals: — 
Wing rfiil cloaraiico (F) nuiltiplicd^y ci’ossifj'g nuinl)er 

(^' ) — u -.F X X. • ' Rule XII.— 29. 

Ex.Mini.K; — - and F---1}" 

Then u-lf x8-l' - 4 ;. 

Gap between lining Ralls at Neck (g). 

Ely 


Length of Wing Rail Neck Bendt(w). 

With ordinary single circulai-'hends this equals: — 

, g minus F, imiltijdied hv 1 times Xo of crossing, (S.*. — . 

• w - (g - F) X 4 X X. Rule 3^.— 30. 

Exampi.k : — X = 8,K - fj", and g=- ‘ 2 \”. 

, Then \v-(2J''-J^")x4x8 

^2' 0'.- 

— — - • 

Position of Grossijig Blocks. • 

lily. N(‘ck block. Vee block. 


1’AT3LE Xir. 2.. 

• . -• — 

0B()SS1\(t chairs. Si»ueai>, Pohition, ktc. 

(Refer Cha])ler 111. nnck III. 6 to 10.) 

Spread (S) = Width between lines c f rails at the 

cent/’i* of the chair in question. 

J)istaiic(* of a chair (centre) from line point of cixjssing 
will be S irinltipJiod by No, of crossing. 3 • 

Distance (y and z Fi". Xll.-R an^ 0), ^etyoen two 
chairs will be the Difference of th(‘ir Spreads iniiltijdit'(l by 
No. of crossing. , 

The Table will serve as a list of chairs available. 

♦ ThiB refers to the type*of wiii^ in wliich the portion held in chairs 
is parallel to the running rail. , . • 

t This will not apply to a neck chair when it il situated on the neck 
bend or the wing lails."^ * • | ^, 



Minimuin Lengths of Cheoklng. 

Where pne crossing is near to another or near to ' 
switches, £fe in double turnouts, scissors cross-overs, and 
slip roads, it may be necessary to determine minimum 
distances of ends of check and wing rails from nose of 
crossing, or in other words, the mininium length of checking 
that is Qecessary fpr safety.* SuchK^ases will of course only 
occur where the^u^ual checkixkg canno^ be obtained, 




THE CROSaiNO. 

It is difficult to Ijjiy down.rulel, but in the case whore* 
the crossings are not flatter thanisfty 1 in 8, the following 
repiarks may be of service. f 
* Since ttie purposelof the check rail 
is to keep the wheel fiuiges moving iij 
a straight line over me crossing -gap, 
we must in the case of a wheel 
approaching the crossing in a fusing 
direction, at least get the portion of 
tile w^hcel flange wliich is below rail 
li'vel, that is tijc length A on IJig. 

XI I. -10, into the straight portion of the check rail, just 
hefori* th(' oppo?iite flange reacilies the bend of the wing. 

'Co fix upon •the length A, we will take a wheel 3ft. 
radiu.s (R) as being near to the largest in ordinary use; witli 
a verv far- worn tread causing flange to be* 1 Jins. de^‘p 

(V)th(n: • 

A = ^8 X V X R (Huiri 



M- A 

naai-io. 


-■ ^8 X >^36 (all in in^^hes.) 

- 

- 21" = i: 9" 


The straight, portion of the olieck .should at • Ipast 
continue to guide the wheel flange until the®length A is clear 
of the crossing nose. The straight portion of, the check thus 
becomes: Ah- J w+ii + f + A 


which with a 1 in 8 crossing and g = F = and p = i'' 
bi-eome.:- j. 9 .^ 1 . a' + C,' 1 1' V , 


To this M^^ust add the length of two bejt ends, which 
wo will make shorter than usual, say 1ft. Sir..-., each, and 
thua obtain the miniimim length of ehi*ck rail as 9ft., 
5ft. 4ins. of which is in front of fine nose, and 3ft. Bins, 
behind it. , • 

The wing should ijaturally extend ^s far as tj;ie check, 
and its length behind Jin. nose accjording to tRo above is 
3ft. 2ins. for all angles, which ghows that the above must 
be taken with certain reservations. 


Further notes ap^ilyinj^ to this matter are included Rn 
the chapter on scissors jross-overs, and double turnout^. 
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CHAPTER XIII. 


' I 

CHASTER XIII. 

h 


.:v ITCHES AND CUOSSINGS, THElIl CURVES AND 
.DISTANCES. (5ENERAE RULES 


It is now proj)oscd to (k'scrii'i' a sorios of leadinf^ rua s 
ImIucIi may l)o appJiial in Uio solution of ])t>ints and crossinj^^ 
j)rohI<‘ms. 'riioso rulc*s an* collt'oicMl in Table's 2-“), 2(3, and 
27, and will ailerwards bo roforrod to as tin* “ Ci norijl 
Hulcs.” 


Tlo'ir inaLiiomaiical proofs will be' found in (’liaptor 
NIV. a.'id (‘xamj'los of ihoir use* an' i^n\<n in tlio troatmont 
nf tlio various track arrar;^i'nic‘nts. 


FIG. XllH. 



Tlia arrau^'i incnt (o wliicli the Comral Rules apply is 
wlien* a “tnriiont ’* is (?oiiceriU’d and ma\ be* described as 
follows: — 


A straight main rail A B (Eig- XIII.-l) is given, against, 
which a straigl t switch line U D"oi given lei\^>th (•?>’) makes a 
given angle (A"). 

A curve' 1) T'j F springs from tht' switeh and is tangt'ii- 
iial thereto ac its heel D. This cjurve crossVs a lino G EJ 
jairallel to the lino A B : in a turnout this is tlie other rail 
forming the main track. 

■j At tho iirst piTusal c/ tliis chapter and thi- next* the 
reader is adi;ised to have in mind llui idea of the simple'. . 
turnout, With its crossing of the otlu'r rail of the track alone; 

"" then to go over tho mat tor again, extending his view to the 
' case of the turnout ourvo vHion it crosses some otlier track 
parallel to the line A B. lie will then see that tlu' rules are 
applicable in many vai-iod cases, ]t*^wi11 only be the cross 
wietth from the switch heel to the rail on which the crossing 
lies, which will diner in the various cases. , 
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GENERAL RULES. 

Amongst the problepis whick the^rulos given will serve 
to sr)lve, Miv tbos(i of the double lineljJin( 3 tion and the* cross- 
over road vWicre oiu' (jf.the lead ciitves continues through 
botli #ro^sing>^ hriti'r ityviil \u^ shown that the solutions of 
certain double turnout f and scissors cross-over problcniH 
follow from llie saint' lejfling ruleiv . * 

'Fhe following s_vuib«)ls will bo used to repni^onC the 
dimensions coheenied • * 


-V— The switch angle in d^gret's and ininutos. 

S - The b'nglli of ita' switch. 

H - rhe di\ergt‘nce rd switch lu'td. 

M --'Die minjher- cif tla* switch angle by ctailre line 
riicasurr. •M- S->il. 

I ■ ■ ( I.iug- f)f tl)e track. 


W ' W'idili oiiiii hi i 1 It) a fail eii v.liicli fi crossing. 

in ion lie^-; in tln' (‘ast^ of a tuiaiout W J - IJ . 

y' Aiigl,- (,i‘ (a'os^iijo jii tlegre(‘s and iniimri s, and is^l' flie 
.fiigle the main line makes w ilh u langtaUJ'o tlie 
luriKMit eurvi' at the ero.fsing ])oint E, 

\ - -Vumber ol tin* crossing angh‘ by ciuitn* line int'asurt'. 

J. - fa-fid or di>(an(‘(* from llie s\3'it('h ht'td io tht' crossing 
'ilk' |)oin(. mea-^ured along ihi' main line \\htn tlu‘ 
rail is si raigjit . • ** ^ ^ 

V - X’orsed sim* of ih»‘ k'ad curve on a cltlird extiaiding 
from Nwitcli lierl to cnissing point. • 


.It -- liadius of the oiili r rail in the turnout curve. 


\VhaT(»ver the nrobli in given, we ijiusl always know 
beforehand;--- ^ 

(i.f 'riie»(iauge, ^ 

(ii.) 'rile Switch IIn'l Divergence. 

(iii.) T]^' Swiieli Length. • 

r 1 . * '• 

Till' choici* of a suitable length of switch may however, 
h(' left, to the calculator, ii^whicli case' the rules given in 
Chapter XI. should be used. 

Wffen d«‘aling with anything beyond the simple turnout, • 
the width \V uiu'-t also he known , 

In addition to the aho\e Iftiown dina'iislons, must 

bo given one of tlio following further dimensions, before a 


* lu this volume the inside edges of the rails are used in all caKuilations, 

for reasons given in Chapter X^V. The General Kules will apply when * 
the outside edges of the rails are deed, if the symbol ‘*G” is taken 
as representing the gauge plus th6 width of two rail h^ads, or with usual 
standards, 5 feet 2«inche8. . 
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problem can be set for soUition, n.^moly, cither ; — 

The Crossing 'Angle, 
rThe Kadius, oV 
The Lead. ^ 

One of those being given, thi* problem will^ be to find 
'fehe other two. . • • 

Thj. Eules collect'd in 'I’ables Nos. 2C), %i), and 27 cun 
be applied to solve any .problem which may thus be given. 

Rules arc also given to find W w hen, as in some spe^pial 
pKjbloms, this is the required dimension. 

The process employed in making r up the Tabk's has 
been as follows : — 

(!) The Rules Nos. la to 8a (Table ‘Ja) are deduced 
from first principles l)y Oeomotrical Theories, supplemente d 
by Trigoiioinulry and Algebra. 

• Tlie Vormulif obt. ‘lined are accurate and easily used by 
those possessing an idementary knowli'dge of Trigonometry, 
incThding the use of Tables of (k)sines,‘(’oiang(*nts, etc. •''he 
Tableit of Switch' and Crossing Angl(‘s (28 and 30)' will [)rove 
of great assistance in the daiculytioiis. 

^ The formuhe ai^ naturally the same as thqse arrived at 
by other writers when working upon purely mathematical 
lines. 

. * (2) The second ‘ procedure is to convc'rt the first set of 
formulie into Vule.s enabling the Crossing and Swatch Angles 
to be taken ns they are measured in practice ; that is, not in 
Degrees, but by their Rates of Divergimce, w hich for reasons 
explained in C'h^ipter XU. are taken as the Centre Line 
Measures of the Angles. 

Rules Jb to 7b (Table £0) are thus^^ obtained. The se 
may be employed by using ordinury arithmetic. 

(3) In the last-mentioned Rules, noti^ic is now’ taken 
of terms w^hich may be neglected without unduly affecting 
accuracy. Then, after simplification. Rules Ic, Id, 2c, 2d, 
3c, oc, and 7o (Table 27), are obtained. 

Much labour in calculation is saved by the use ©f these 
* Rules, especially if Tables of Squares and Reciprocals are 
employed,^ and ^hey will giv^e results sufficu*ntly accurate 
for many purposes. 

(4) It will be noticed that Rules numbered 4a, 4b, 4c, 
6a, 60 , and 6c are not given. Such rules would bo complex, 

•and are not necessary, becapso rrfter finding the Crossing 
^ng^le by Rule 3 or 5, the Lead.or the Radius, ns the case 
may be, can befeound by Rule 1 or 2. 
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' ^ — • 1 ' y- ' 

In case it is needed? howeveV, tpifind L or E vvjbhout 
previously finding N, Approximate ^ulcs 4d and 6d are 
given , whicl> are arrivedlat by a dincrent principle to the 
other rules. ^Fhis principle may be named the " Offset 
principle."^ Eules 8c to lid arc also bas^id on this principle.' 
Rule 4e is derived fron\*RuU*s Ic* and 7c'. Rule Go arises^ * 
from Rule 4e.^, 

(o) 'flic General Rule A arrived {d:.*may next be ada]>t('d 
to iho standard dimensions* obtaining on' any par.ticular 
railway. In this work* this is not carried out except in the 
operations of the next process. • 

(0) When tli# particular :^andards namely, (niiige, 
Switch Heel Diver^i*n(a', and Spaces between Tracks arc 
fixed, a system may be (h'veloped which may he named the 
Synf cm af Faefors.” 

The details of this system will he dealt with in iL'hapt»*r * 
XXIV ; for the present, it may be slaftid that it consists^in 
Untying synple. numUtTs hy whieh we may multiply or 
divide a known dimension in a ^tiirnoift dr other awange- 
ment, to give the unknown rlimeiisions. 

• • 

Explanations* of Tables 25, 26, ^and 27. 

As an exanij)le, sii])jK)se we ari' given the Radius of a 
T\irnout, and are asked to find the XnnThia* Crossing, 

and thi* Lcaid. * 

Looking dowm the first column of c'ach df ihi* throe 
1’whles for the diuK'nsion given, nanie^% the * Radius, 
<’])])(jsite to it art' seen tin' Rules Nos.^Ba, Bh, and Be, by any 
one of w’hich can be found the Angle of tKc Crossing, 

If convofsant®with Trigonometrical Tables ^and having 
them at hand, wo may use Rule No. 3a (Table 25.). If not, 
w’^e may use Rul<»^o.'Bb (Table 26),* noticing that flic result 
is obtained dirt'ctly in (.Centre Line Measure. ^ 

If jt is wished to reduc^' the labour of calculation to a 
minimum, w’o may use Rule No. Be (Table 27), the results 
not beTng quite accurate*, but iijear enough for usual 
/>m*poscs. ^ 

'1.0 find ‘■he Lead after havlug found tlu? Crossing •Anglt^ 
Rule No. la, lb, or Ic may bo employed, according to whieh 
type of rule wc are using. '* 

.\n approximate Rulg, No. 4d, is included, which will* 
give the I^ead without previous^ly finding the Crossing Angle. 
It is, however, usually better to first firijl the Crossing 
Angle, even if ft is not p?.quired.» i 
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Tlhe above will to explain* the list- of the Tables as 
far afi Rules 7a, 7b, ano 7c. These Rules are t<x serve in the 
solution Df such a probjeni as the following :-|- 

A junction line of 30 chains lilirlius is to spring from a 
double straight mafh lipo; what iinLt the Space U'tween the 
niainis be, in order that the diainond crossing inav not exceed 
] inBl'^^ « ■ 

In tliis problem R *and X f^re given, and \V is required. 

From either Rule 7a, 7b. or 7c, 'W may be found, and 
tlii‘ Space can bi* arriived at by d(‘ductin,g (1 — li. 

Rules 8c, 9c, and 10c jnay be used ni thi‘ concliisicai of 
the other calculations, to find the Versed sine (Vj of a 
turnout ciirvi* on a chord stretched betwVen switch heel find 
crossing point. 

' Tlikf^V may be uso(J in thi- riiftbod of “ quail eriug " to 
sej^ut the curve at as rnaTiy points as is wished, whicli 
m(^od may be considiTcd prefiTable *lo aru othej-. suelf as 
offset sikfrom tlie inahi j’ail.^ 

« 

JVpplioation of the Qules to the case where ihi Main Line 
is Curved. 

• So far in, the ^explanation the Main Lino has beiai 
aVsuiiU'd to 1)4' slraiglil ; the ease ^^lle^' the Main Idne is 

curved will now be corisidi'red. 

« 

It is possible' to evolve exact rnalliematical rules to 
solve all the proLleins in this case. 

Tile earliest wAa-k in which the autiiors have met with 
a mathematical treatment of the turnoj^it frwni a curvrd 
main, based upon a switch which w’ould be straight if placcvl 
against a straight rnaiij rail, is that of \V. Prior 1 tales, 
published 1889, • 

d’he problems have also bei'ii treated by Preston and 
Tlariiard, Proc. rust.C'.K.. 1981*' siqipleniented by Voung, 
^ Proc.lnst.C K., 190‘2; the latter applying the rules ¥;o that 
the Leads nia\ be measured along the curved rails inste.yl 
of alon^^afi imaginary line at,ngbl angles to the line across 
the lu'C’is of the switches. 

Whilst these invi'stijlfations fire interesting, and I'xact in 
^treatment, the working rules are by no means simple. 

By nifiking certain ap])rdxima^ioris. tbi're is, however, 
d way of simplifying the ‘whole (Question which will now be 
explained. * * 
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The Prinolirie of Equivalent Radius^! J 

It is an important fact, and a fortunate one, that 
all Turnouts %vhich havf^ the same Anglo of Crossing and 
the same Switch, will liivve practically the same Length of 
J^ead, whtjihor the maiif lino is straight or curved to any 
radiiis. The l^oad referred to is measured in all cases along’ 
a tangt'ut to the main line at Heel .of ^vvitch, tfT.a point 
opposile the (Vossing. ^ ,* 

•Further, if the main is eurvi*d, llien* sfill lie a chdinite 
relation Ix'tween the ifadius td thi' IVIaiiK Ihi* Itadius of llu* 
I’urnoiit from tin* (^irvc*. and the Kaifius of thi‘, TuriKail if 
it had hei'n from !l•Slraight Maii]^ 

'I'liis last is knywu shortly as the F(|nivaK‘nt Radius, 
-<r more fully as th(‘ I'ajni\alent Radius for tin* particular 
(Tossing, and its Lead \\ lien tai a Shgiight Alain. 

d’he aiiproximute riiN's as to •J'a|uivalent Radii were 
reeognis(*d 1)\ Deiiahj^on and other early 'writers, also hy 
tlu^ aiithcji's refiTrerl lo aho\c‘, and it is l;eli(*\e(i that the 
convenient term, “ Fijuivalent liadius^’ is dui' to \V. 
Atkinson. • 

'I\) sliow tile relations between life thn-e Radii nien*- 
tioni'd, let • 

R„, Rad gf Alain. 

Hr Rad. <d Turnout. * 


■ Fquiv. Radius from tfie Straight' 


Th(‘n : — 


Rules XlII.—l to 9/ 




PHASER XI II. I 

\hese very rules meam that the product of two 

known Radii divided by their sum or difference, as th(? case 
in ay be^p enable the required radius in any jpfoblem^ to be 
found* { 

Examples wdl^ be given in the| general problems treated 
'later and also in Chapter XXTV. The radii should all be 
taken aMhat of rail on which the crossing lit'S. 

It is interesting to notice, /hat if, without altering its 
lengths we transform a turnout from the straight into*<,»ne 
of contra dexure, \\’ith radii of main 'and turnout equal, we 
shall double the turrfbut radius. 


Again, if we transforiir. the turnout into one of similar 
flexure, curving the lUfiin to the same i;adiiis as the turnout 
was from th(‘ straight, wo shall halve the radius of Iho 
turnout. ^ , 


Fof example, all llk.‘ turnouts in Fig. XJII.~2 will have 
tlj»fcsame CTOs>ing, lead, and equivalent radius. 




Pie dimensions miirKed 
L are equal. 


The Irpst remarks arc sufficient to shbw the foundation 
for the following approximate, but serviceable, rules for 
the:— . •- 


Ve<rBed Sines in Turnouts from the Curve/ 


Rule XIIl^lO. The V Sine 
on tlfe Lead* Curve for 
a Turnout of Cont^ra- 
fiexure. 

^HuleXIIL-11. TheV Sine 
on the licad Curve for 
Turnout fof Similar" 
flexure. I 

im 


V.S. on same Lead Cur^e 
from the Straight, less 
V.S. of Main Line on 
^ same length of chord. 
V.S. on same Lead Curve 
*from the Straight, plus 
V.S. of Main Line on 
.s^ame length of chord,. 



Or referring to Fig. ^111.-2 


^.r 


GENERAL 


For Turnout dl^ontra-flexure, Vt = V — Vm Rule XJII. — 10. 
For Turnout of Similar-flex^lire, Vt = V -f Vm RuleXIIL — 11. 

To a Apt the Equil. Radiu^i Foriniilfe for use with 
'rahles of Fcciprooals, divide the numerator and deiiO' 
ininator by the numeratoi- thus ; — * 


Tj Rm X Rt 

Rm + Rt ^ 


Re 


if-r. 

Ht Bm 


This in words means : — » » 

b 

'Po find Rei add tfie Reciprocals of the known Radii, 
anA take' tin' Rt-cipro^sd of llni sum. 


Lead measured along the Curve! 

Rules tiav(? be'en devc'loped by-* some writers fer 
obtaining the distance from switch heel tine point of 
crossing Tneasiire(l along the curved rails of a Turnout. 

• > 

Tt does not appear to be iiocossary to dcaliin detail with 
this question, as occasion for the use of the rules sedciom 
aris(‘s iji practice. 'Idle reader who is interested, may refer 
to the paper hy E. TT. Young, in tlie Proc. Inst. C.E., 
Vol. loO, 100*2, and to the articles .in the “Railway 
Engineer," cpnimcncing October, 1920, by C. Lobban. 

The following approximate rules will give within Jin. 
the, increase in Jjength of T^ead naeasuri'd on the curved 
turnout rail, over* the Lead measured on the sta^tiighi main 
rail. 


• 

Gauge. 

Increase. 

(Rule XIIL— 12.) 

5ft. bins. ... 

... 21 ins. 

4 -No. of Crossing. 

5ft. 3ins. ... 

... 2 O 41 S. 

“ »> « “ ^ j • 

4ft. 8 Jins. ... 

... 18ins. 

” It I » 

3ft. Gins. ... 

... 13 Jins. 

• 

• M 1 I 

Metre 

...^ 12 ^in 8 . 

If II 
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CHAPTER ^IV. 

.SWITCirES ANb CROSSlNdji. PROOFS V’)F THE 
^ OENEEAL RUI.ES. 

I c 

A (.•()nn)]i*te lisi of ‘'the rules /-js coni Mined in 'iMbles 2“), 
2(), nn/l 27. A' description of the ^^nernl probltnn and of 
the fToncra] Mpplicaiion of tlie ruli*s ni praclice i.s gi\en in 
()h?jpi.(*r XJII., wlii‘ri' n list of the s\ni>)ols used iip])e;U's.^ 

In tlie following proA^S tlie (bnenfl (’iirvi' riule^ of 
Clnipler \'J. will be l)ronght into ser\iei;. and in tliis ri ^prcl 
tho similarity of tli(‘ ])()rtion 0 1) l\ K of 1^'i^ XIV -I to 
Figs. VI.- I and 2. should b(* nulici'd 

Trigonometrioal Ruleij (a). 

Rale 1^0. la. 

i 

To prove ll^it L --- W x Cob 



InFig.^P:— . , 

Auglea C + E = Angle B 

„ G-M = .. A 

Adding, 2C =i • A + B ■ 

*In this Chapterjaii additional symbol Lg is used to^dcnote tlie Lend 
measured oJ the skew.. ^ t 
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Dividing by 2, C? 


.1 


PROOFS OF RULKS, 


Subtracting, 

% j 

Dividing by 2, 


±_? 

o 

D -- A 


Now, 

or, 

from l!, . 


(I.) 


7 


E = • (11.) 

■ ^ Cot* c 


^ Cot* G y 

jj \V X Oot C 
Ti JV X Cot I 


Tninspo^iiiH. Cot 


li 

W 


(Rule la.) 
(Rule 5a.) 


Rule No. 2a. * 

.\nplo I’m V. 


Fi’«nii I L. 


Sine Hi 
A OK 
that is, Troiu J f., li 


• ,!//■; 

■ OK 

’m K 

Sino H » 

^ '• Im 
y. H .V 

Suit' 


. (Ilf.) 


Again, 


• S«’io - Sine C y- * 

J Ijg 

.. . .. 

' A i H 


Sine -- - 


^SuV)fttitiiting tliis in II T., 


k X 


. W' 

A ^ \l 
Sim*. ~ 


K 




Sine ■ 


B A 


_W 

X Si 


2 X Sine X Sine— 
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/.By s g., “ ProduQtsli ^ W * 

' into differences” )“ Cos A — Cob B 


W 


(Rato 2a.) 
* 

(Role Sa.) 


. Transposing, Cos B ■- Cos ^ ~ ^ 

Also „ Nv = R X (Cos 'a - Cos B) (^ule 7a.) 

Rule No. 8a. ' 


Angle = 


h ^ A 


/ 


tliiit ia, 

I 

but 


rc t:. _ 

MO = OE X Cos E, 

il/0 = R X Cos - ~- 

• 2 


MO = R - V 
R — \’ = .R X Cos 


B - A * 


. V = K - (r X Cos 

..V X ( 1 - cos^-^- 

4 

that is. ‘ V = R X Vers ^ ^ j 

Centre Lin2 Measure Rules (b, c, and d). 

In the chapter upon fhe ('rousing it is shown that when 
the angies and J3“ are 1 in M and J»in N by O.L. 
Measure : — 


Cot 4 = 2il 

A 

n A 4M«-1 
Cos A •= iTrr,r-:-i 
4M-‘ + l 

m 

Rule No. lb.. 

By Rule fa, 


Cot = 2N (Bale XII.— 4). 
A 


r, Tj 4N®-1 / 


L-’ WxOol^? 

2 

A. 


15). 


(Cot 'Ax0ot®)-1 

A \ 2 ■ 2/ 


Ihen by the rules of Trig.W ^ ^ 

for compound angles, I . A , p .~5 

^ 2*^2 
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A-Sabstituting tlie ^aluea 
above fqi^ot ^ and Cot ^ 


L_ (2 


psoovs 6t, 


L= Wx 


(2Mx2N)-/l , 

" 2M + M 

1 

".2 ('M + N) 

Rearranging, L = 2\Vx (Rule lb.) 

liy neglecting theV^we get* Rule and tl»en by 
dividing top and bottom by 2 AL N wo g^c Rule 1(J. 

Rule No. 2b. • 

J3y Rule 2if, *4 ,, .. .. - . 

Cos A - Cos B 

% 

Subsl.itui.inw the vahiC8)T,_ W 

above fo» Cos A it Cos B ) _ l _ 1 

.4M2 '4-"T “ tNM-l 


R = 


\V 


“ f JAP-, 4N^-I-1 


R.Wx * ^ (Rule?!).) 

By neglecting the + Rule 2c, and 

then by dividing top and bottom by 2 M- N- wo get Rule 2d. 

Rule No. 3b. * 

. ^ _ W X (4M2N^-^ N^•^ f i) 


By Ryle 2b* R 
Cross multiplying, 


•2M*^ - 2N - 


*• 2HM'J-2RN^=4VxM'!V + WN;‘4 VVM* 

' 4 

Transposing, 2RMi -WM* - ^^’=2RX^ + -IWAr^X^ + WN^ 

. 4 

AP(2R - W3 -^y-S ^(2R t 4W + W) • 

. ' 4 . • 

M2(2R-W)-^ 

2R + 4\ViMs + \V 
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chapter “xiv. 


By^negleoting the the +V{, wo may place the 

4 ' 

outside of the root sign and cancel, which will giv^Rule 8o< 


Rule No. 5b. 

By Buie lb, 


L 


W X 


2MN - i 
M + N ■ 


Gross Multiplying, 
Transposing, 


2MN - _ L 

M + N W 

2JiN\V - ^ = LM + LN 
\ 2 

w 

2MNW - LN = LM -t- 

2 


Rules Nos. 7b and '7c'.' 


LM f 

^ ^ 2\r7v ■ 


w 

ii 

I'L 


Rule 5b 


Tlu'sc luv arrivi'd ;it liy tnins|»osing in Rules 21 ) and 2 c., 

Rule No. 4e. 


Take Rule Jc and-insleatl of W sulisnluti* its value hy 
Jtuh‘ 7 c. By ca« celling. Rule 4 e is cblained. 


Rule No. 6e. 

This is arrived at bN transposing Rule h*. 

The remaining nile« are based uf)()i\ what may be 
termed tlie “()tTset Principk* ” m whicli certain aiiproximu 
lions are made at the outset dda-se do not s(*riously affect 
th(‘ at'ciirac. of the results. 

.11 niiu IM* noted that not tinly the rules which follow, 
but approximate rules to covi'r practically all tlu* jiroblerns 
may be evolved upon this principle without the use of 
JITigonometry. 
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PROOFS OF BULKS. 


Rule Ko. Jdi . 

Beferriiig to Fig. 2 wo see that which will be • 

named the ‘^kow Lead or L g, is a chca d for th<f are D E 
of the turnout curve whose* radius is IL 

Alst) \Then the switch lino T J|) is prMongi'd to K, O is 
the otTsi't lor the same ar(\ theieffiri^: — ’ 

. IjI = 2 ^ O X H By Curve Rule 17. 

But 14 -- L‘“ •• f-uclid I, 47. 

L 2 + W» = 2 xOxB 


or 


Y -= (2 X O X^) -W^ 


(f.) 


\o\v dra\v /J ]\j)ara]lel to CB. We then hiWo'K 1) P 
as the -switch angle (1 in M) with D Y as its centre line. 
Then because P is n(‘ari\ parallel to W, 

O W ~ J* (approx.) 

And because, DY / L, (, ) 


and 




( .. ) 


L 

M 


Tliereforo, 0 -= W 

Substituting this in (L), 

L2 =• '2 X (W - >'.) x*r1 - W“ 

' M i 

Simplifying, 


L" =: 2WE - W» 




2 K, 


Transposing, L®+--L = 2WB-Ws 

M • 


(II) 


This is a quadratic equation, so, add to bolJi sides the 
squart’of half the co-clhcieitb of the unknown, i.c. : — 


• ^ • 

Take v/~~ h + ~= 2WB - W* 

Transpose, • L t= W(2VW)+~L:^ * 

• • f Al- M , 


Rule 4d. 
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CHAPTER XIV. 

i r 

Rule Wo. 6d. ^ 

From (II.) above, 

op 

L»+W» = 2WR-^L f 

M 

= R(2W-^) ' 

2W-2L 
M _ 

P _ M(L'^ + W®) 

2(\VM'-l;) ' Rule6d. 

Rule No. '*lo. 

This is ol)tainod by solving the quadratic equation IT. 
above, for W. ^ 


Rules Nos. 9o and 10c. 



Referring to Fig. ^ draw E L the centre line of the 
crossing and U K at riglit angles thereto, th^n, 


but, EL = Ij approx, so, 


/-f zr EL 


Again, 

DK=GK-OD 

but DK=Oi and {?D*=W (eppror.) 


So, 
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PBOOES ov*rt;i>es. 


but V=iOoriOi’ 


So, 


V = 


ii_w 

N- w 


Ru^ 9c. 


Under I?ulo 4(1 aboVr, it was shlwn thftt 

0 = W-~ . (approx.) 

W — ^ • 

„ M Rule 10c. 

So, “ 4 

In spite of tRo npprcixiinnli6us. Rules Re and 10c will 
c;iv(‘ tlu' V in an (iwlinary turnout witli no nuac than ](;in. 
error. 


Rule No. 8c. 

Mnltiiilying Rule* 9c by IN, 
10c 4M,. 

Adding 


4VN- li-WN 

•♦ VM - 

4V (M-fN)--\V (M-N) 
(M-N) • 


IV- 


M*4-N 


,f\V M^. 

’ 1 M + N 

Rule 8o. 

This rule is not intended for use in ^jractice, but is given 
to show that V i« not dependent upon the Iiadiu.s or the 
Lead. * “ X 


Rule No. lid. . , 

In Fig. 2, 

and. 


W = 0 + J 

L*. 


0 = 


2R 


(appro-x.) 

( ) 


T --ii 

“ M • . 

^ 2R M 


Rule lid. 
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CHAPTER XV. 


Tllk TURNOLT 

Types of Turnout. . 

^ / • 

'riK' varicn^s types of iTinioiit in use will lirst he 

dcscriheil, the remarks applying to ike ease where tlie main 
is straight. r « 

( 

Type (1>, Fig. XIll.-'l. — Having a straight switch, and 
a crossing either straight or cnrv(*<l and’ with a true circular 
curY(* i)ei.wei‘n tangential to llu' switch at its lieel. and io 
th(' crossing at its poivt 

Tills is the usual method in British jiraetice, and it is 
ti^.' case to which practically all tluvituli's and Tables 
points and crossings given in this,>oiunii‘ ap|)lv. 

Type (la), Fig. XI. 4^ —Similar to T\pe (1). hut whert* 
fMil} l]u‘ portion of '.,he switeli IvtwiH'ii its toe and a point 
where Uie wlu el tlange elearanee i>. obtained, is straight: 
th(‘ reinaiud(‘/ of the switch, Inwards the Imel, forming pari 
(vf the lunion‘i curve, 'this |)oinl ina\ he n‘garded as the 
virtual heel of tlie switch. 

The (jcntTid llules and Tables nia\ l)e iiscfl with this 
typi‘, the s\\ ilclKlengIh being taken as the distance from ihi* 
toe to the virtual heel, at which point the divi*rgence ‘‘It " 

must he measured. 

} j 

Type (lb), Fig. XV.- 8. — Similar to dype (1), hut with 
the straight line of the' switch continued t<j a jioint lieyond 
its lieel. 

This type will occur wdior it is necessary to' use a 
certain angle of crossing wllli a lead which is longer than 
its correct lead for a turnout of Type (1). 

Aj. coi'iipound curve w'oul.d do away with ihe straight 
behind the heel, but would introduce a curve of less radius 
than the simple curve. 


Type (Ic), Fig. XV. -4. — Similar to Typo (1), but with 
a straiglit length in frtait of ilie crossing point, the turnout 
curve ht'ing tnnbrntial to this sti*aight. 
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THE TURNOUT . 

n practice*, wh^e tlie 
e,. and therefore the 
portion of H|^c wing rails in front of the crossinj^ and the 
legs of the crcjssing, cannot well be bent to a curve, ll 
the julvaptjjge of giving wheels a straight run over the 
crossing gap. I * 

This tyyM' will occur when it js iiicessary to use a 
certain angle* of crossi!\g Vyith a lejv'l which^is shorter than 
its correct lead for a turnouf of 'Jypo (!).• The curve, Imw - 
evi*r, will be of le'ss fadius than if thi* crossing hatf iti^ full 
lead. • • 

In th(' “ SysU ‘111 of Factors*’ are included fact(jis 
applying to the tiwiu>ut of Type (le) when J) is bins oi 

Oins. ('rjii)li' IH) 

• 

Type (Id).— Similar to 'I’yia* *1), hid when»*the curve 
changes in radius l)ef()re ri‘aching Hk* crossing point. 

• • 

'riiis can hardl> be h^oki'd upon a^s giaurai t_>pi‘. It 
may occur throiigh sdine ru'cessily of the giaieral ou'i'line of 
the work It is a case iif which draw'ing or setting out is 
the onl\ j)ractical mear\ii»(jKsolution.,# • 

Type (2). — Having a straight switch and cro'-^in- 
either straight or curv(‘d, with a en»vo l)t\^\een which is 
ra-iginally calculated to he tangiaitial to tliP main line, and 
afU'rwards adjusted to he tangential to thi', switch, 'riu- 
i-xisti'iiee of this lyi)e is due to a method of calculation w'hi(‘h 
should he discarded. Its sn[)porters argUf» that the calcula- 
tions are simpler^ and tliat it enaliles a. branch lini* junction 
to be laid in exactly to tin? c(*iitre line pegs of tht* new 
branch railway, which are set out tangemtiar to the main 
line. 

With regard to the first contention, tin v may be 
certajn cases in which the a.ssunij)Uon of curves tangential 
to the main line will solvif prohk‘nis witli siiMieient accuracy 
and iTiore easily than by the correct mellaxl. 

Generally, how'cver, tlj^e calculations bas(jd upon the 
curve bcin-g tangential to the switch are Tittle rriort^ difficult 
than the, others, and they have^the advantage of being in 
keeping with practice. 

Many of the existing tj]il)les of poin^ and crossings aPri 
based on the ’* tangentiij to mj\in line ' piethod. In or^er 
that the reackr may examine ^Uch tables,^ and also note the 
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CHAPTEH XV. 

diffoiYncc in the dijneiisions by ^tho two methods, the 
following table is given; — 

' TABLE XV. -J. 


()a\ige H — 4^“ 


I e i tangent to i By tangent to 

Crossine I r. . , ' main method. ! switch method. 

No. ‘ • 


1 

X 

Bead. 

• Kadiiis. ■ 

1 

Lea^J. 

Radius. 



1 

ft. ii^o. 

ft. 

ft. 

111 s. 1 

ft. 

4 

G 

26 ll’i 

153 : 

( 

27 

7 1 

150 

4 

0 


>> 1 

29 

8 ’ 

1 

' 145 

1 

8 * 

12 

54 "Oi 

606 

55 

1 

5 i 

1 594 

8^ ■ 

15 . 

* j » 

i 

1 

.11 

57 

9 

I 580 

12 

18 

81 1 
, 

!l357 

H3 

2 

1335 

12 

21 

t 

11 


H5 

7 

1311 


i 

1 






TskUt llio Syst(‘iii of Factors iin* included in 'rabies 
4() and 47, factors w hieli form a ready means of shf)\ving 
tla; discrepancies l)eUYeen tii(‘ two nierho<ls of calculation. 
'I’able 40 alsp shows that the tangent f‘9 main” method 
is only correct wlien the switch length in feet, is IJ times 
the crossing juiruher. 

f 

With Regard to the second contention mentioned above, 
the cases of branch line junctions arc few in number, com- 
pared w'ith the points and crossings for other purposes. 
hLen then, wdth the T^^ngent to Switch method a 'curve 
may be followed w’hich is parallel to the curve pegged out,' 
and only , at a sligJit distance, iVsually about 2-}ins. from it. 


Type (3). — Having it switch curved to a fixed radius 
and with the load curve tangential to the switch at its heel. 
«• _ » . _ c 


of 
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Ve^y few^ of f<i/e main British rnilway.s adopt this kind 
'swkch, and then only for shorteV switches. ^ 





TUE TURNOUT. 


The calculations ma}^be resolved iilto 
for a straight^witcli, thus: — 


same as tliosc 



Referring to I'^ig. XV .-1, \^ftere C is the length of 
curved switch, V Vors<‘d sine, H its heel divergeiioe, 
and S the Jength of equivnlent straight switch. 


By the principle of similar triangles (Kuelid — 

S ^ C - S 
H ’ 4V 


4V s- rjc-irs • 
4VSfII*S-HC 
S(4V-H»f=.-fIC f 




It will be noticed that tlu* approximations made will 
not affect the accuracy of the ri‘siilis in all practical cases, 
and that the equivalent straight switch will^he a tangent to 
any turnout curve M’hich is tangential to the curved switch. 


Examples. — vjiat length * 0 ! straight switqji must be 
taken in using thi* Gt'n<'ral Rules or ^’abh' 111, when the 
switch is a curvjfd one J()ft. long wij^h Jin. Vers(»d«sine and 
4jin. divergence'^ • 


Wjth all dimensions in inches; hy Rule XV. -1: — 

• • 


q =: 4i X 192 _ 864 ^ 1728 

(4 X i) + 4i 6i • 13 


= 133" = 10'' 


Therefore in Table 31, aft average bctw’een fh^ifigures 
given for 10ft. and 12ft. switches may he taken. 

Remarks upon the advantage? of curved switches wdll 
be found in the chapter upon the Switch. ^ 

Type (4) . — A strai^it switch with # transition cilrvc 
tangential thereto, and ferminatiiig eithe!* before, at, <fc 
beyond the crossing, where it jdins a circuhU* curve. 
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CHAPTER XV. 

A'lough there ai(c\ advantages, in this type for fast 
running junetioiihli, there seems no occasion for its general 
adoption., Its introduction may in some cases^lecrease tho 
radius of the circular curve' following it. Again, there are 
sun‘u'i(‘nt (lithculti^'ri in , obtaining acenracy wtitli plain 
circular curves through* points and crossings, without 
iiitroduciiig furtlu^T complications unless the advantage 
gaiiR'd is important. ‘ ^ , 

niAt Ticnr. df/fails oF/FriixouTS. 

Fig. \V .-2 shows,a usual Knglish iiedhod of timlu'ring; 
cro'«:sing timl)ers about 14 in«'.bv Tins. b<‘ing used Uiroughout'. 

On some of tla* Scotch and Irish ]‘ailways, sh'opers are 
usi'.l for tile A\hol<‘ or part (d the turnout. 

d’he rail joints should be “ grouped ” so fhai four joints 
Lie in r)iie “limbc'r s]>ace.* There is i\ bi'Hi'i* oi)f)orlunii \ of 
doing tins Mitli a minim'uin of rail cut ling when thi- wing 
r-u‘IV» are l)'-nt ami cut on the' sih' t^Iian when the\ arc* 
(!• livered rr.uiy mK<|o. , 

'FIk' joints are iialurafly squared” at the crossing 
lu'j'ls, 

Model turnouts uia\ Ik' d<"^igne(l with mo^t Oomjiany’s 
mad(‘rials,* the lead l(*ngtbs l)eing armnged to avoid cutting 
of^rails, esp(‘ci?i«!ly in«llii‘ main line Fig. XV . --2 sIkwvs an 
example' of a Uifiujut in L. it Y. R!\ . materials, which may 
!)(' inserted ih' a main line laid with -toft. i-aiU without 
(•lilting. It ’’s assumed tlial th'* p(Jsilion of tlu' ])oints may 
be altered slightly’ to make them fall at a miillipie of iU‘t. 
fiJiis dins., from an existing joint, and yet not give closure 
rails which W(i'ul(l be toij sliovt. « A series of jirticles by C. }J 
Lobban, commencing Octobi'r, lh 2 U, in ” The. Railway 
Fnginet'r,”,, deal with Ihi^ subject. 


FIC. A-V-2. 


Left Hand Turnoiif. 









. lllinilllllMIIIIMMMI 

ZA’Closurs ^zr$fbckRl. ->j<- 

U- — ai'o' 


Mill II;II I . 
r 21 ' 27 'cli»sur« 


The ” hand ” of a turnout is decided by standing at the 
tfte of tlie s\vitche^^,and facing fhe crossing. If the turnout 
ro^ diverges to the* left as in an ordinary trailing crossover 
r<iad, it is namedfa ” L(.*ft-hafid Turnput.”. • 

2m 


THK TURNOUT. 


CALOUJ.ATJOXS FOB' Till* TURNOUT. ^ 

• The fo^owing examples will sIkjw'" ^ow the General 
C.Tj.JM. Ruk*s (Approx.), cxpliiiiiod in Kill tind 

oolloetod in 'J'ablc 27, may U* appliid in solving tlu* various 
problems. | • 

Tin' ixampli's apply to a CWiiigo (C5) of 4' 

.‘Uul to a Swatch lircl I^ivcrgcncc (-11) flf 4^" — g' or -37.“)', 
and tluivfon* to a Widtli (W) of 4' *4'', w'hicVi = 4V or 4-l)33'. 

TURNOUTS ‘fUOJI STUAIGIIT AIAIXS.* 

• • 

Prob. 1. Given Number (N^ of the Crossing Angie.: to 
find the remaining dimensions. 

Kxami'LE.— C rossiifg Number (N). I in 8. 

1st.- — ('’■licii^sc Ihi' Switch lengili (S). 

S N li (S<-e E,i!le K1. -2 andfTablc 29 >) 
=-SxJ] 

- IT . 


Assuijjing that l.T is Ihc nearest stock lenglh, we will 
decide upon ; — 

S=-lo'. 


2nd.- 


M = S.^II .(BuUvrXI.-l.) 
= 15-ff 

-- l.T X 5 

= 40‘ 


3rd. — To tind the Lead (L). 

L - 2 X W X 

= 2 X X 


M X N 
ifT N 
fO X 8 
40"+ 8 


= 8 ^ X 

13 

20 ^ ^ 
“ 3 ^ 8 


if 


520 


^Rule Ic.) 


= 57-78ft. = 57ft. O^ins. 
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Ollte 


yJVofe. — The increase in Lead if “ measureil along the 
rail of the^ turnout curve will be: — 


18^ (Rule XIII.-ISS.) 

= 18' -rS 

1= 2i*. 


4th. — To find the, Radius (R). 

« Tj 1 X N X M 
.M - N 

^ 1 10 
^ 57j78 X H X 0 

= 578’. 


(Buie 6e.) 


'I’lic Radius pblaiiu-d by Ihi' more accurate Eulos Nos. 
2a and 2b will bi' u^U'. « " 

5th, — To find tl^o Vcrsod (?ine (V). • 


„ (L N) 

.. 4 

* ^ (57' 5)" -i- 8) -_4'_4^' ' 
' 4 

- 7' 2-S" - 4' 4" 

. .. - ^ 

, _ 2' !or • 

' 4 

- (^ay) 


(Buie 9c.) 


Prob. 2. OiTen the Radius the Turnout: to find the 

remaining dimensions. ’ 

« 

Example.— »Badius 10 chains— p60'. 

1st. — Choose the Switch length (S). 

S=^Rx-.581 " (See Buie XI.-3 and Table 29.) 

= 2o-6i^^ '.581 ' '■ 

, = 14-92' 
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So \vc inny dcfido upoft:- 
S=-15'. 


THE TURNOUT. 

^ 


2ncl,— 


= as Problem 1. 


I 


3nl. — To iind Uk' Crossinj^ Xunibcr (X). 


““ Vfi 


660- 

660 + (2 X f333 x'l660) 


-inx “■ 

.V 660 4- 13S66-67 


40 X 


/ 667-83 
V f46-2'6-G 


•83 
1-67 

-= 40 X V •0452*8, 
•---•40 X 


8-512 

4tli. — To line! the Luad (Fi). 

Now that N IS known, apj)i 3 r Rule Ic as irt the 3rd step 
of rrohleiu 1. 

1 2 will be ()0-8l' or 60' 10^. 

• • • • 

Ptob. 3. Given tlie Lead (L) : to find tAe remaining 

dimensions. 

Example. — liOaJ! (Ij) -40'. 

l.'st. — Choose the Swi^h length (S). 

S=^ L -r4-08 (See lUile X1.-4 anti Table 20.) 
= 40 4-08 
=-- 0'80' 


In this case a 10' svt’ilcli wchilcl not be unsuitiible, but 
a longer switch thiin this is to be preferred, cO we will decide 
upon:— • s»=.io'. 



CHAPTER XV. 


ati.- -To find the.JQj'osdng Number (N). 

M ^ ^ 

(2 X W X M) - L 


(Rule 5c.) 


’=__i 

(2 x“4'-'333'x W- 40 

t 

277-33-40 

1280 

237'-33 

N --- 5jy say 5i 

4th. — To (ind thi- R-idiiw (R). . 

' Xnw'llirit X is Icnown, aphlv Knlr (it' m.s in tin- -llli >tpp 
of J. 

^ Tl will !)<• 

f 

Ti/rAor rs, (;j.;evki) mains^ 

III Pn.l)l< ni'‘, ihc principle of I'a|ni\ alrnt Eadius 

'‘.xplaincff in (^li.rnicr \ill llJM^ !h* aiinliiMl. As ro^nu.ls 
’Funioiils of (.’dplVa-tlVsiiro, roJiToiK*' sfiniild bo made lo 
the rcMniiH^s nptai llu' (’ni*\td Swiudi in (’linrdcr XI. 


Prob. 4. Given t^e Number (N) of the Crossing, and the 
Radius (R„J ,of a Curved Main; Turnout of similar 
flexure j to And the remaining dimehsions, Including 
Radius' (Rt) of Turnout. ' 


Example.-- 'N, 1 in 8. R^i 2di)2'. ^ . 

The 1st lu -lUi stoj)s 'svill hr as in Probloin 1, the 4th 
will llio )vpiival(*nt llj<.«flius (E,/), namely ?)78', 

thon : — 4 


Kt = (Rule XIII.— 5.) ■ 

I Rill -r Ko 

■ 2302 ^ 578 

23*02* +“678 
_ 133055f. » 

2980 

- 482' c= 7 Cha. 
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^ ^ THE TURNOUT. 

Rfch. — Plquivfilcnl Vt^ped sino found 'as in 

Problem 1. 

Vo = M" 

7tb. — Tor Vorsf'd sine on ]Vrni|i (V|,i)« — 

Vm — L“ -r- 8 Rrn '' (froiii Rule IX. — 1.) 

■= yj-H^ (8.x 230'2i 

- 3340-8-1 1841G* 

• *= 'ili' M" . 

8tb, — For V('fscd sim- on Turnout (Vj). 

Vt = Ve + Vi.i (Rule Xlll.— 11.) 

- H-"' 4- 2r , 

= 

Prob. 5. As Ptob. 4^ but with Turnout of Contra Flexure. 

Fx.\mi>j.k- X, I in 8. i;,„^23(»'J? 

'I’lic )ufl{;i'ikii'c until Uiuli>>s (R,. ) of .'i'JS' 

is found will be ,is in I’fobKnn I, then: — 


uth. 


H, - 


R... X Rc 


4Rule XIII.- 2.) 


Rui Re 
_ 2 ;{(l 2 X b 78 
“ 2302 -'078 
_ 1330556 
17^1’ 

^ 772 ' 

Aj ■ ■ 

Oil). — A p, in }^n'i)l(‘Tn A : — 

7tb. — As in Pmhloin 4: — 

. Vm= ^ 

SUi.-— For Vorsod sine on 'I'ufnout (Vi). 

Yi - Ve - Vm (Rule XI 1 1 .— lOj 

= ^r- 2j" 

rE •' 
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Pfob.''6. Given Ae AilnlMnm allowable Radius of Turnout 
(Rt) and 'maximum allowable Number of Ctoealn^ 
(K) : to find the sharpest Main Line Curve Into which 
a Turnout of similar flexure may be laid. 

ExAMPiiK. — R(, 7 (Amins ^ 462 '. N, 1 in 14 . * 

Ist.— Choose switctli length, siij'; — 

S--=!^l'‘ ^ • 

. M = 21 X ^ = 56 


2nd. (4*x M*x N») + M^+ N* .... . 

Re - W X (R„le 2b.) 


“ 4's X 
4^ X 


( 4 X 56* X 14^) + 56'=+ 14^^ 

2 X (56“ -" 14*) . 

(4 >^3136 X 1%) + 313 6 + 196 
“ 2 X (313~6 '-.196)' 


--=4i X 


2458624^+ 3136 + 196 
2 X 2W0 

5880 


= 4i^ X 


= 4,^ X 418-7 


• = 1814' = 27 ohs. 32 ft. 

This would be^tho Radius of the turnout from a straight 
main. 

3rd. — To, find Radius of M^un when If^ is 4f)2'. 

Em = 5® (Rule XIII. -6.) 

« xvc — Kt , • 

= 1814 X J62 

1814 7T.462 

= 620’ or 9 ohs., 26 ft. ‘ 

Prob. 7. Given a Turnout of Centra Flexure, and with the* 
mkximum Number of Crossing: "to And the Radii of 
Main and Tomout t^hen they are equal. This gives 
the easiest poeelhle curves In both directions. 

fjfiAMPLB. — N = 1 in 14. Switejit ‘^l'-« 

. Ist. — ^Find Be •as in Problem 6, « 

Re = 18M' 

* ■ ' ■ ' 
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2nd. 


1^. 


= XIII.- i.) 


lini Kt I 

But Rih = Bt — say E, so, 
>2 




2R *2 

/ 

that is, R,= 2 Re 

■ — ~ ■ 

.-. R = 2 X 1814' 

= 3028* =» r54 chains, 64 feet. 

• ^ 

Prob. 8. Given the Radii of Main (R,„) and of Turnout 
(Ri). Similar Flexure. 

Example. — R*- 28.\ cli.nns — 1;)40', Et= 7 phams = 462'. 

• * 

let. — Find Equivalent Radius (Be). 


Be- 


Rni X Ri 
Bill ’ Rt 

23 xV 
23F^ 
103:^ 


:Hule XIII. -4.) 
(in ^^lains) 


— 10 chains = 660' 


To find N and Ij. proceed as in rroblgin 2, working with 
the above Radius (10 chains). 

To find tho^Versed sineeproceed as in Fnjiileni 4. 


Prob. 9. Given the Radii of Main (Rm)* and.of Turnout 
(R ). Qontra Flexure. 

ExAiVpi.e. — F i„j .-30 chains. Rj^lc*) chains. 

Be--= (Rule XITI.-l.) 

Riii+ Rt 

. ^ 30 X iS 

“ 30 + 15 

^ 10 ghaing. t 

N and L may then be found as in ftoblem 2. and V as 
in Problem J. * ' ’ * . 
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Pn>b.^9a. Regained (he I^ad and Gnxislnj when the Main 
and Tamtut aie both ot me minimum allowable 
Radius. This will ^ve the least Lead and Crossing 
Number which should be used. 

This of course.ri'fors jto fi turnout of contra-fioxurc. 

Example. — I{,a= Bt cluiins. Switch 12', i.e., M=32. 

c • 

iie= ” 1 ^ - ^ == 3i* chains = 231' 

Working as in Problem 2 : — *' 

N =J;06 * 

L = 37' 11" 

Prob. lOi Given the Lead (L) and the Radius (Rm ) of the 
^ Main. ^ 

Exampi.k — Lead Ji = 40'. Rm =§78'. 

The Ist to 4th st(^ps will be as in l^roblem 3, the 4th 
step will give the Equivalent E^julius (R ) = 259', ^;hen: — 

If the Turnout is bf Himilar 3cxure : — 

^ s 

‘(RuleXIII.-5.) 

xtm r Ko 

• ^ 878 X M9 

1137 

* . = 200 ft. 

: L 

If the Turnout is of Contra-flexure: — ' 

Bt = S ^ XIII.— 2.) 

Xbui Re 

^ 878 X 259 
878 - 259 
= 367 ft . 

CAI/I^LATIOS’S FOR TURNOUTS OF SPECIAL 

'i;ypes. 

In the following problems, the special rules Nos. XV. -2 
t(n7, for turnouts of Types lb and Jc, have been obtained 
on an offset princjfle. Those riilojf are not exact but arc 
near, enough for the purpose! 




THE turno ut . 

The General Rules, 4e and -fie, .which arc indepchdent 
of W, and also Rules 9c and lOe, apply lo Turnout Typos 
lb and Ic, as well as to the ordinary type. 

Turnout Type lb. (I'ig. XV — ;h i 

In this type the Load (L) is tonger*tlian is normal for 
the Crossing Numbc'r (N). As provftnisiv inentioned, it is 
best to cunliAiK' the stnpght lint* of tliL- switch a certain 
distai'ce (C) beyond the heeU the re&aining f)ortion (Lj^) of 
th(* lioad being curved. * • 



Prob. 11. Turnout fype lb. Given the ^Crossing Number 
(N), and the full*Lead ^L): to find the Length of 
Curve (L^), the Radius (R), and the Vers sine (Y). 

Example. --Crossing (X^^^jcad (L).^4', Switch 15' (M = 
40). 


and 580' (from Table ol). 


(Rifle XV.— 2.) 


_2x8x-!(4ix40)-64l 
- 40-8' 

_16x (17^-64) 

32 

]6xl09S 

32 

C = L-L, 

= t)4-54f=-l)£ 

® ' 

r)4<l)7 X 8 X 40 
~ • 32 . 

= 5.47' 
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CHAPTER XV. 


4' 4' -(64'-:- 40) 

= 4 

- Ij’ 

\ 4 

■2' SV' 

4 


c — • 

Piob. 12. Turnout Type^lb, with a given Crosdng Number 
(N): to find to what length tine Lead may be 
lengthened without decreasing the Radius below a 
certain limit. 

This'ineuns, giv('n*X and K, to tind L. 


:^XAMi'i.E. — X 

lat. 


8. 


ir = 4(). lliidins limit 438'. 
. R X (M - N) 

‘ ■ N x"m 



(Buie 4e.) 


= 43*' 

* r 2 T* 

E - W -t- (RuIeXY.— 8.) 

^xvi JN 


= 4 ■ 33 + 


43:3=_ 
2‘x 433 


43-33 
b ’ 


--= 4-3g, + 2-16 — 5-42. 

= 

3rd. ' L = Til + (E X M) •(Rule XY.~4.) 

= 43-33 + 1-07 X 40 
= 86-13'* 


Turnout Typo lo. (Eig. XV, — 4.) 
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* • * 

In this tj'pe l'.ie Lead (L) is shorter, ttian is normoL £or 
the Crossing Number (N), being used. The straiglit length 
0 will be in front of the crossing- the curved portion (L ^ ) 
of the Lead extending from the s<f sight to the switch heel . 

/ 

• • 

Pfob. 13. Turnout Typd lo. Givsn the laead (L), and 
Crossing (N): to find R, and the Vers sine (V) 
on L^. 

Example. — Lead 52', Crossing (N) 8, S^^•itch 15' (M 

=40). 


Ist.— 


_2xM{L-(NxW)} 

M-N* 


Rule Xy.— 5. . 


• 2x40x {52-(8x41); 
~ ‘ . 40-8 • 

80 X (.52- 34 S) 

_80x 17A 
“ ” 32 

= 43V 


2n(l.-- 


8nl.— 


p_LiXNxM 

, “ 'M-N“ 

4333x*8x40 
“ 32 . 

= 433' 

V _fL -;-•») -W 

T • . 

_(52'h-8)-4' V 

4 

6' O'- 4' 4'* 

4 

• • 

= 2' 2’-r4 . 



(Rule 60.) 


(Rule 9o.) 
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Prab. 14. Tumo|U Ty|>e lo. Olvcfh the Crossing Number 
(N), the length oi straight (C), or, altenuuUvelyi 
the gap (D) between Main and TumO'Ut, where 
straight Joins curvA: to find Head (L) and Radius 
(R). V ‘ 

1st. — If C is given,' 

, d‘=.C -i- N 

or if D is given, 

C ^ D x*N * 

•2n<l.— Wj = G - H - D 

ai 

3.(1— L, = 2 X W, X '^..^.-2- (Rule Ic.) 

. , M + N • ’ 

'llh.-'— Ij = fjj -|- G 

*5th.— _ R = * (RuleSe.) 


(Rule Ic.) 


(Rule 6e.) 


.Pi;ob. 15. Turnout Jype Ic. Radius and the 

Distance (D) : io find N an? L. 

« 

1st.— \V„ - G^- 11 - D- 1' bi" - ir - 1' 1" - - 3' .3" 
- M X J 3c.) 




433 - l -tj’ *■ 
433 -f (2 X 3i X IGOO) 

» " 

431-4 

433 + 1(4400 


jVJl^ 
10833 , 


= 830 

lifi-l 

== 7'98 say_8 
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TUB TUENOUT. 


3rd.-Li 


^ B X (M ■- 
N x“m 


N) 


iT 

• = 4^3 X 

'x“40 
. 1 JO 

= 43.:^ ft. • . 

4th.— . C----DxN 

-r l'x8 
^-8' 8'.# 


(Buie 4e.) 


otll. — 


L-L,+C 
-48' 4 " + 8' 8'' 
— 52 . • 


Prob. 16. Turnout T^e Ic, with a Croosing Number 
(N): to find to what length the Lead may be 
shortened without *decrea«ing tHe ^Radius below a 
certain limit. • 

This Jiiftiiis, giwii to fiiiB ]j. • 

Fa'ampt.i:. — N-- 8, M- 10, li.ulius limit 188'. (Tluf Normal 
Lfsil MiPl woiilii Iji’ 57' 0" oHyr, 1‘vtiin Tuhli' 

:il). 

Ibt.— J.,= <Eule*4e.) 

_ J;};! X .‘52 
8 X 40 
= 4^'* 

2nd.- D=-W- (Rule p.~6.) 

_ . .... -I.*! 43 fJ3 

- 4-d*^ X 4!5;5 -40" 

= 4-3.8- 217 -.1-08 ■ 

= 108=--r 1" 

» * 

3rd.— • L = L,+(DxN) (Rule XV.-7.) 

= 48-33 + (1.08x8) 

= 43-33 + 8-64 
= o4v')7'.» 

It will be, noticed .ifmt the' Eadius decreases more 
rj pi‘ll;y hy -shortuniiig th? normal^Lead than by lonf»thening it. 
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CHAPTEK XVI. 


CHAPTER XVI. 


THE DOUBLE LINE JLNCTJON. 

• • 

A JK*\v <l^)nl)lc* lii\e jnri('tinn* nr tli*.* irn])r()veineiit 
an old uiu‘, is a, work of iinportarK'e as to warrant, 

iu aliifost cNX'rv cast*, a carefully • prepared large scale 
drawing. • • 

III the di'sign, th? following pgints must liave 
attention : — 

1. Thu lines hearing the faster irafVic should have the 

easier curves. • 

• • 

2. The curves through the points and crossings should 

I be t‘ased as far as y)Ossil)le even at the expense 

of rather sharper curves in the plain line beyond. 

This is*hecause yuper-ePevation, with its steads ing 

effect, also checking if necessary, can he better 

obtained 0 |\ tlu^ 

3. lioth tracks through the diamond crossing sliould 

hi* nearly straight as is practicable*. 

The Radii •v>f the curves will be limited l)y the Th>ard 
of I’rade Ruje that the diamoiids must not be flatter than 
1 in 8; unless l)\ V»pecial pernelssion.* switch diamonds are 
used, in which fcuse the flidtest desirable* angle of Vi*e 
crossing may become the limit. 

By widening the spaces tbet ween tnjeks, • dividing the 
divergence of the roads, etc., easier curves may bo obtaiiied 
without flattening the diamond, d’his is explained in the 
Report of tfie Railway Congress of lOOo ; t\iiilst high speed 
junctions with transition curves are illustrated in J. \Y. 
Spiller’s paper in the Inst.C.TLRroc., Vol. 170. ^ 

« 

PRACTICAL DETAILS OF JUNCTIONS. 

• j 

Tlie* diagraiAs of the timbering of the IVirnout, the 
Crossover Road, and the Diamond, will jointly show the 
usual timbering of a Junction. (Also see “Inner Hoad of 
^Junction.” below.) A good example by E. Treacher may 
bo seen in the Pc. Way Inst*. Joifl'’nal of August, 1910. 

-^-i— ....-■.A....— -§ — - ~ - — — — 

^'SpeciAl permiBBioD may become unnecossary urder the future 
regulations of the Ministry of Trifasport. 
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THE DOUBLE UNE JUNCTION. 


CALCULMIONS \ViCk, XVJL.-l). ' 

The CiOse of a simple junction witli all tracks parallel, 
is the only one which lends itself convenicntlj' to cale\ila- 
tion. The principles in this <msc will naturally apply 
whenever* a track crosses, with contifluoiis curve, one or 



Prob. 1. Gi¥en the Radius of a branch Hne from a. double 
straight main line? to And the ahgles of the crossings 
and their distances «r 'Meads/' 

ExamAe. — Kadius ^f.hrjmch onj?cntro line of six fo*ot 
= 12 chains = 792' Spaces (Sp) between tracks, clear or 
rV L)Y lines. ^ , / • 

A suitable length of Switch must first k' dt^cided upon, 
thus: — , • 

s =v^R X -rm ("Rule, xj .-3.) 
=28-14' X -581 


= 16-35' 


16' 0'' or 18' 0" would be suitable, but we will assume that 



Alternative methods of proc^edure. 

Various correct methods of procedure from this point 
are : — * 

* ^ I * 

1. In accordance with "F. \V. Atkinson’s “Junction 
Diagram “ *(Railway Engineer) in which an imaginary line 
parallel to the main is used. To this line the turnout curve 
is tangential at a point near to the switch toe. 

From this tangentJ^ poiht, “ theor^Jical leads ’* are 
obtained by the rule for ohords, when the ’Versed sines are 
known. • * 
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By tho same . principle, but using Trigono- 
metrical 'rabies tn- solving tlio right-angled triangles, whose 
sides arti^tlve Radius (R ), the tlieoretieal Lead (I..) , and R -Y ; 
Y being the distance from the parallel lino to the rail on 
which the crossing; lius. | • 

This method liasy^heen used in prepaiing Table 

3. By tho Ot'neral Trigonometrical Riih'A (Table 25) of 
the present work. * ^ ' • 

8tP. By the General C.L.M. Rules (Tables 20 and 27 1 
of the same, which, Jbhough not the lenst laborious method, 
may be employed withc^it tlie use of tables, and which 
will now be explained in detail. •' 

1st. — With 702' Radius j)U eentre *iine of six font: — 
Radius of outer rail (R) -- 702' -4 .J l^p 4 (i 

--702' + 3' 2^ + 4' B.J" 

— B0(/ say. 

Ratlins of nevt rail ^R O) 

2nd. — With 15' switch ar^d*’4J" h(‘el div(‘rgj:nee, 

* M 

M-ir>x^ ^ (Ruli' XI. -1.) 

And 

3rd. — The widths from switch heel line lo rails on 
which the crossings lie. are: — 

\V,^ = Sp-H 
=6' S^-4Y 
^ =6' l’^6-U83' 

W,=^+Sp 

4’ + 6' 64' 

• = 10' 94 “=l0 7fl' 

W,=^q; 

.=-.10' 9V + 4' 84' 

=45* 6'=;r)-5' 




TllK DOl'BLE LINK JUNCTION. 


4th. — For number ofc 1st crossing 

N, 


u X v'”---? 

R + (2 X \V X M*) 


(Rtle 3c.) 


= 40 X a/ " 

800 + (2 X #-333 X 1000) 


2.^.6 


- 40 X 


797 -84 


\/. 

800 •+ 138G7 

^797“84 


40 X* , 

14007 
40 "x V -oo'iVj 
10 ■ 2.332 

iI-.328 


r)!]!,— ]'^)r \si 


(I (1-,) nf Jst iTu-isiiii^ : — 

(Rule le.) 

^ AH-N, . . ^ 


-4? > 


2 X 4fl \ 0 
JO ■. 'iKl'iH 
■10!21 


r* • ' 

" ' '^4<t :j2.s 

.=4ixl.31‘28 • 

s.ay. Or)' 0^” * 

■ jT • 

(illi. — F(jr X umber of 2u(l ero^sin^^ (^a)» tJie Rjidiiih to 
bo tnki-ii wiji l)(* K i •- 79,543', thus : — • 


3 y/ G + (2 X St , X M*) 3 i\Vs 

=40 X / I ' 7'->5^3-3;P4 1 

V 'ftis-aX^x'e-dBaxieooI+S Gi* 

V 


^Rulo 3c.) 


79g;26 

793 • 3‘V i94’65 -6 +3 • 04 


/792-26 

V ^0264' 

=40 X v/'0391 
==40 X -1977 
= 7-908 


* This i W » ueg^eoted in Table 27 but should be included as W becomes 
greater. • 
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4 

= • 80-33' = 80' 4" 


(Buie lo.) 


« 

Nj, Lg, and may be found -as shewn for and 
L^, using the respeotivo W's of 10' 9^'^ tfnd 16' 6'S they will 
be ■ * 


N, = 5-998 

L, = 112 59' = 112' 7" 
N* =*5-015 

= 13814' = 138' 2" 


The y)artic*ulRf^ Vna}' then ‘put intc; the form of a 
table, thus: — • 



Inner Road of Junction. 


••• 

A further set of sw^itches and a 1 in 9J crossing \yill bo 
► required for the other road of a double branch. The radius 
of'this rpadtwill be Sp + G =11'^", less than the outer road," 
but this \Vill not appreciably alter the angle of the crossing 
or the lead. • 


^ It is suggested that the switches and crossing be 
»tuated with regeid to those of th^ outer road, as shown 
inUfig. 1. This is to aid in interlefeing the timbers, and at 
the same time to keep a throfigh dhaimel for tt^ point rods. 
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THE DOUBLE L1>'E JUNCTION. 


• ^ V. 

Main Une Curred. . • . , 

^ In this case the Equival<!nt Eadiiis from a straif^ht 
Tiiiiin must bo obtaintnl, as explained in Chaplc'r XUI. Tliis 
Etjiiivalonf Radius must bo used jas the R/' in calcula- 
tions exaeWy similar to those given abovt^ The lends, how- 
(*ver, should bo measured along a •tangent to the main line 
at the switch Jiieol. ‘ \ • 

• • ^ • 

Prob. 2. Given the length ovepall of a double line junction : 

to find all the "required partioulars which will give 
regular curves of main anc^ braftoh lines throughout. 

In relaying, jhid at the sanu‘ time improving, a jmic- 
tien. it ma> bo de^iiabn* net to altcM- the positions of th(' 
swlich and ihi' last crossing. In such a case, the length 
overall will be the given dimensicai., , 

• 

Kx\mi*lk. — licngth fnau switch luad to last enjssing 
(L^ i I (MV. Switch IH*. (Sp) b(‘twe('n tracks (V oj" • 

Isl. — Obtain the Eqnf^’al(*nt dtadiiis* (fj) nf the jimctirai 
as existing: — • 

wTlli 18 ' Kwitrh.-c!:_'AI- 18 '-?^'- -Irt 

— • . 

Willi (V ,1^" space : — \\\ - C) \ ^ in prL«fious 

example. • 


Mx_(wrfi 4 ) , 

2 x(W 4 XM- lJ 

^ ’2 X (i5-5^x 48- ll)0) 
( 240 - 20 - 1 - ‘ 27 r^ 0 ) 
" ■ 2 x( 744 - 15 (>) 

_48 X 27796 
“ 2 X 578 
=--1154'^' 


(Approx. Rule 6d.) 


• 2nd.— Find the ideal switch length: - 
• S should be x -581 
= 33*07 X- 581 


= 1022 ' 

• d 

Assuming 21' switches are the next length beyond ISi^ 

. which are avaijable, we may Irj the use of the former and 
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hnso^our calculations )ipoH 2V swjtchos, and a reduced 
of 168', then:— i , 


4th.— 


8r d .L-M = S-rH=21xf-^ 

oC)^15-6*+i6;^^) 

• “^i'Sjx5G“-163) 

• _^x-2cmo 
~~ *2x 705 , 

• - 1065' 


(Approx.' Bulo 6d.) 


The crossing angles vnd leads may then be obtained as 
in the previous example, using a lladiu!.’. of 1065', but, as 
this radius is not quit(' exact, we may fjnd that becoin<*s 
slighth different to 1()8'. This difference will, lu)\vever, hi' 
of no account. , 

Jt- Mill be noticed that It'ngtheriiiig the switches, but 
thi‘ lead, ri'diiees the niditis C()n» i(lerabl\ in the above 
examph'. . ^ ,, 

We may test the switch k^'igtli for this ni*\\ Radius. 

S = (Uiili' XI. -8.) 


=82-(>:{x-r)8i 


c 


- 184)6' 


As either 18' <or 21' switche s an‘ fairly long, it is almost 
a matU'r of oi)inion whether it would be betln* to retain tli*‘ 
18' switc'lios, ordiicreuse (hem to 21' in such a '-a^e as tiiis. 


Piofo. 3. l^equlted the easiest possible ^Equivalent Radius 
to, which a Juiiotlon may be laid in a double line, 
with a given Spibe (Sp) between tmdks; the diamond 
crossing not to exceed a certain angle, say, 1 in 8. 

Example. — S pace (Hp) — O' (gauKo lines). ^ 

1st. — The diamond *^8 N, which =8. 

. , ''W,='G-H + Sp-<i' 8i'’-4i'' + 0' SJ" 

= 10' 0^" = 10-792' 

2nd. — Assume a switch length of 18', tlicn: — 

f( M = 18>:f=:^ (Rule XI.-l.) 

and M2 = 2B04. 
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Tiir. DovBi.i: MNi: junction. 


3rd.- E^Wx (Rule2^') 

- 1 n 700 V ‘■’^> •'■ •' 

■ 2x(AJ04-(i4) 

_ 580824 4- 2*W4 + ) 

iU-/J->o — 2 x 1 S !17 

• 51)2102 

- 10-/.12X 


=-l()-702*x 13218 
= 142(* ' 

-lil cliains. 4()ft. 

». 


To test the si)il;iliilit\ of tin- switch length; — 

S-.v- U20x-r)8l (Rule Xl'.;! ) 

,=r 37-76 X -58] 

- 2i-04’ ^ '. . 

Thus the 18’ switch iflav he considered too short, nnd 
th(* lladiu^ should he- cideulated alivsif for a 21' switch. * 


1st.— M = 21 X 5 =-^ 
and M2- '31.30 


2nd.— E = 10-792 X 


. = 10^92 X 


(4 x31.3C.x()4) + 3f.3G4 04 


1 X (3130 — 64 )• 


(Rule 2b.) 


80(3016 

614^ 


* 1416' 

= 2 ! chains, 30ft. 

tV 21' switch uuiy f?(? considered near enough to the 
ideal tength, because ; — ^ 

Vl41(3x *81 = 21-80' 


Table 34 shows the Radii, obtainable with various 
spaces between tracks, and a 1 in 8 diamond. 
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CHAPTER XVII 


/chapter Avii. 


THE DOVBLE turnout. 

A double turnout js An arrangement of two turnouts in 
which the switche<3 of ftie first turnout arc followed by those 
of the second furnout before a crossing occurs. • 




__ THE DOUBLE TURNOUT. 

Other names for the iouble turnout ar& “ Tandem /urn 
outs/* and Pannier 'leads/* * • 

Double turnouts have their disadvantages, sucti as tho 
use of ad(][ftional crossings, bOt vijhen space is restricted, 
they often form the best way of^aoqui^g tho necessary 
accommodation. * ^ 

The use of a succession of double turnouts for the 
gafliering lines of sidings has* been aSvocated* but has not 
been usually adopted eycept where it is necessary to^rowd 
as much siding accojrimodation as possible on to an area 
of land. 



— . s I „ 

P 


• • A 

The use of double tuifnouts should be^voided in mai]\ 
lines, and in ejpy case, tfiey are hardly permissible in a 
facing direction. * * 


CHAPTJEH XVII . 

'')^'hei‘e are three general types of double turuout:-^ 

type 1 (Figs. 1 and 2). — In which the turnout tracicfi 
braucli tt opposite sides of tlie main. In this case, the third 
crossing, i.c., where one turnout erossfs the f)ther, is in the 
four f(Hit of the mi'in. * i 

'l ype 2 (Figs. 4, 5; and 0). — In \Uiicli the turnout tracks 
branch to tlic same sfde of the uiain. In -this case, the 
third crossing is outside of the four fo(j1 of th(‘ main. 

8. — In vvln'ch the st'cond turnout springs fnnn the 
(irsl. In this ease the third crossing is f.n the main. 

FEACTICAL DEd’AlLh*. 

'Lhe usual arrangements of rlieeking are shown I'v the 
iliagr.-ims. 

After having hnind by calculatinn or otherwise, th(' 
position' of the third cros>in‘r, the ])ossil)ilit\ (jf getting the. 
el. 'ck jind wing rails in, nmst h(‘ rxai.nini-d. 

Eeferring to Fig. 1, wlien* tla' crossings arc marked 
N^, Na^ and If N., is too near to Nj^, there will not be 

loom foT lhe right-hand wing rail of Xj , nor will there be 
spae(‘ for the chairs o^ Ng. 

The t*ritical dimensions will geiK'rfdly he those marked 
w H in Figs“ I and 1. 1' IF' (gauge lines) may be talcen as 

an absolute miidmum for these dimensions; 1' 4^' being a 
l)»*tter dimensirai to work to. 

Again, if X^ and X.^ are too iii^-ir bigctliiT, their check 
rails c.innol- lie [uit in. 

'['here is an arraugement which will '’ase cdiecking and 
limbering diTicultios ; this is to have X,^ ind Ng opposite, 
i)V very nearly so, as shown in Fig. 2. Fig. 3 sbow^s how the 
wing rail of oiu. crossing acts as a check rthl for the other 
in this case, 'i’he ideal lengths of check in front of crossing 
nnsc arc not obtained, these lengths being etched bhudf. 
Suidi arrangements, however, h&ve answered well in prac- 
tice, in siding work. 

It will be noticed that the nose of the crossing of 
Hatter rnglc. is showm further troin the switches^ It obtains 
better checking in this w'ay. 

Similar remarks apply co the case of Type 2, Figs. 4, 5, 
and 6. 

In I'ig. 4, thu- length C must be sufticient to insert the 
ri^ht-hahd check "of N*. The wing of must be extended 
ta-‘c^eck Nj. 



THE DOUBLE TURNOUT. 


In Fig. 5, the length C must, allow of N.^ being choked. 
The extended wing of NJ checks N^! ^ ^ f 

In Fig. 6, Nj 2 and Ng are opposite, and as iTg is the 
flatter an^Je, the checking should |l>o similar to Fig. 3, but 
reversed. 

• 

It is useful to know how far/ii c]^i'ek or wing rail 
* cjyi bo taken into a c«)morging spyee betwjjL'en two rails. 
Roh'rring to Fig. 7; by pointing the cheeky rail, its end may 
extend to where the j^aee between gauge lines is «*f+h + c. 
a and b sliould not* be much less th*n the usual end gap 
of :i wing nr cliecj: rail, snch as ift d. in a contiiii'd space 
i and b may bo made 3-^" ; noting that wheel flanges are 
nsiudly observt‘d to* strike check rails wlieri' the gap is "Jj". 

'I’lmn taking C a — 7". as a minimnm. 

• • 

In cases where oiu* crossing is hdlowc'd ehTsi'ly by' 
another, the leg of th^ first crossing, made longer than uswal 
if in'eossary, may be bei\t to form the^wyig of the second, 
'this makt's a strong urrangenfeiit, but tlie difliculty of 
nannval in^case of repnirs*makf‘s it preferable to have the 
crossings far enough a]»yrt to allow* oi^lie leg and wing rSil 
bt‘ing separate. 


CXLCVJjATIOSS. 

• ^ 

Prob. 1 (Fi|$. 8). Di&tance between Points (P). 

Having decided upon the position' and length of the 
first switch, »nnd /lie radius fli) of the curve Iciuling from it, 
the distance P must be such as wdll give ck'arance (Y) 
hi*tw’ei‘n the gyuge lines for the tgo of th(* second switch. 
With the iistial \ype of fittings, Y shmild noi be Jess than 
10^", though this may be reduced to IV' in spocail case% 

JVft'rring to Fig. 8, Y may be looked upon as bting 
equal to H + w, and V to S + 1, w^here w^ and 1 are similar 
to the dimensions \V and L,in the General Rulcw for points 
and crossings. * 

When the Radius and Y, and therefore w, are known : 

1 =y/(w X 2^ + *|i - l~J^ (Rule 4d.) , 
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iWliun the Radius and^P, and therefore 1, are known: — 

The usual procedure in practice would be tp choose a 
distance P such a» would suit the timbering, etc., and then 
try by the latter of tlip a^^ove rules ’whether Y is sufficient; 
if not, P must be«incrnised. 

Table 35,^ which shows the clearance Y for various 
Radii vnd distances P, has been prepared by the use of 
Rule lid. • 

Position of Third Grossing. 

The symbols used are explained by the diagrams. 

It must be undci^tood that the switch h^ngths are 
'known in idl cases, that the main is straiglit, and that if 
oiW‘ of the dimensions R, N, or L of ci turnout with regarrl 
to the main, is kpo'ivn, the othorg. may be obtained by the 
rules for single turnouts. • 

% 

^ I’hough the follc^wing solutions by calculali(5»i arc given 
for certain problems,* the only method of practical use in 
most ca«ffs, is that of drawing to scale. This has been used 
in preparing "iy.)ble 3;i. • 

Prob. 2 (FI^. 1).. Double Tontout Type 1. Given: Par* 
tlculan of Fiist Turnout; distance between Points 
(P), and the width w + H between oroesing N, and 
the main. 

w t- H may be taken as the minimum width considered 
necessary Jfor wing mil :md chairs of N,. ^ 

I'he pftvblem miiy be solved by the General Rules 
(Table 27). 

£xampi>b. — R, =6G0', S, and S^=lo, M = 40,*w + H 
- =1' 4J/, w=^l' O'. I?*=27'.. ^ . 

Ists-v-ftnd * 

Wi + II + y+H=sG 
w^=rr-\v-2H 

w =4'84'-l'*0'’-r 
‘ 1 14''-or.2-9(y 
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THE DOUBIiB TChW ^ PT . 


2na .— 




660 ~ 


— >in / 

^v/ 660+^(2x^96x16^) 


’ n, = 


ir\ * 

= 40x— .=^-^ 

^ * V10132 

* in 25-69 . 

•=40 X -255 
10-20 


3rd.- 


2 xMxni 

L .=-*^ xX - M + n -+ 


(Rule Ic^ 


L,= 

4th. — Find Lj 


-•2-9G*x— i— 

• 4U + lO”2U- 

48-Il' 


L , + S , = L 3 + S , + P - 

.-. L , = L * + S 3 - S 3 - sP . 

L3= 481 1' + 15' -15' -27' 


5th.- 


L,xM 


( 2 xMx ‘ w )-' L 3 

^ 21-n >^0 

(2x40xr)-2l'-il 
n 3 5^14-34 


’* (Buie 5c.) 


6th. — Angle is the sum of angles 1 in and 1 in n^, 

. : — • • * ^ • 


* ° i + n .’ 
lO-gO X 1.4-34 
2454 

N.=5-96 


(Buie XII.— 24.) 
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(Rule 2c.) 

- ,, 40* X 14-341 

-2x1 ’<4(ji_"]4.34a 

1600 X 20.>-fi4 
^■■“^^,1600 - 200-64 
„ 329024 . 

, ^ 1394-36 

B, =^ 471-0' 


8kh, 


N.-Mx^ R, + (‘2x WxM*) (Rule 3c.) 


=40 X 

V 471-:)+(2x4i xl6(X 


= 40 X 


21-71 

ll‘>7 


J600) 


N, = 7-26 


9th.— 




Xj 2 — .2xvV X 
^ ^ M-fN^ 

rt 40x7-26 

-^’“‘>■‘10? 7® 

_ 2516-8 

• 47-20 

L, = rKl2r/ 


(Rule Ic.) 


The Double Turnout of Type 2, with the same parti- 
culars givei|, as above, may be solved in a similar maimer. 
The method of drawing to scale is more satisfactory, how- 
eviT, on account of the dilhculty In hading suitable positions 
for Nj and Ng, so that they may bo checked. t’ 


Partloidarer of both Turnouts ^ven. 

It is possible to give formula; to solve these problems, 
but these formula? arc so complex as to be of little practical 
,^use. 

I’he cases w;Lero 2nd and 3rd crossings are opposite 
rriay, however, be cKinveuicntly solved in part calculation. 




THE DOTT BLE TCBVOfT . 

PiDb. 3 (Fig. 2). Double Tumgiut Type 1; seoondjLnd 
third crossings ^ppwlte. PartlculaJ^ ft Beooiid 'wm- 
out given (because It is of the lesser radius) ; also^ 
distance (P) between points^glven. ^ 

It is easily seen tliat : — ^ 

L2+ Sa+P - Si/ 
or if St — Sa : — * , • 

Li = La-h. P 

Particulars of tht first turnout mn 
as in a single turnout when the L?n(l is known. From the 
(latii thus obtained, I.3 and Xj nri‘ best obtained bv drawing 
to scale. 


Ptob. 4 (Fig. Double Tumoub Type 2; second and ' 
third crossings opposite. Particulars of first Turnout * 
given. 9 • 

111 ord(T that the crossiings X^ and Kj,*rna\ be op[)Osite, 
tlu'y must be situated wlieiy the tirst turnout has diverged 
from the insin to the (‘xtent of the gauge. ^ 

The distance is'Hierofore req*iiired. This may be 
calc\ilated as in ol)taining the Ij in the- geuL^al ^robleiji^^ 
where \\\ is practiwlly 2 Q-H, or ^ ith ttft* usual stan- 
dards ^0' i)l\ ^ 

First find this being the imaginjpry angle the turn- 
out makes with a lino parallel to the rnain.^ 

N.- « R 30.) 

and, L 4 = 2 x- JV* x . 'Rale lo.) 

^ M -f rs4 0 


After deciding upon ^jistances P and S^, we may 
measu^ and L3 which are equal, or if Sj^= S,, then : — 

• Xig” Xj 3~ 1^4.““ p 

• • 

Ng and may be calculated as in* a singles turnout 
when the Lead is given. 


Angle NgSB! difference between and Nj, i,e . : — 

I^xJL (i«le XII.— 25.) 
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OHAPTSR XVIII. 


.THIX THREE THROW. 

The Thrto Throve is an ^arrangement of two tumcftits 
with tjheir switches lying alongside each other. 

I 

The device has «Revornl evident objections, and its use 
should not be permitted fa main lines. In sidings to be laid 
upon a restricted area., it may oecasionafly happen that the 
use of three throws is the only way of obtaining the required 
standiuiif I’oniii. Its use should be avoided wlu'revcr passible, 
and when an old set rjJf thre(‘ tlirows is in heed of relaying, 
an eiufeavour should be made to supplant it by a double 
turnout. 

'i'hore are two ‘general typescof three throw: — 

Type 1. — With turnouts bi'anching to difftTcnt sides of 
‘ th(' main (rjg. 2), ^ 

2. — W'itb turnouts branching to the ^ame sid(' of 
< tlu'V'ain (Fig. 3). 

• L 

Type 2 is espetially objectionable boeau^e the outer 
switch has fwico h;s usual detli'ctiiig angle. 


PllAC'llCAL UEI^AILS. 

I ' ' ‘ 

Switches for Three Throws. 

One hiethod of urruiging the switche?; h slanvn in Fig. 
1. The h&l joints of two switches lie side by side, or in 
soii'.e de.signs a. timber space apart. The toes of the sivitelics 
ar«‘ a timber space apart. A* long and short switch are 
coupled, and worlt togetfher. This method, where t^ie two 
longer switches £u:e nearer the centre of the four foot, is the 
one goft^rally usftd. • ^ 

When the switches i^e set for either of the outer roads, 
the gauge is normal, but it is wide at the toe of the shorter 
^switches when set for the middle road. 

* There are otiJfer methods of arranging the switches, but 
in no case ean correct gaug^ be maintained for all roads. 

. 2 ^ • 





CH^PTfeH jcvm. 


SWITCHES FOR THREE THROWS. 
^DETAIL DIMENSIONS. 


Refer to Figs. XVfn.—l apd ' 
Figs. III.— 16, 16 andyll. 


Switch lengths. 


Flangeway clearance at lieel 
joint f F 

Divergence at heel joint... H 
Length of Stock Rails a 

Toe of stock rail to toe of 
switch 

foe to toe of switches e 

Heel to heel of svvit^hes... f 

< 

Distances apart of chairs 
• (centre to centre*;; — 
Slide chairs n i 


Last Slide and Heel chair., p 

Heel chah and Turnout ^ 
chair Qi 

Turnout ^?hairs (ja 

i 

Divergences (H) of chairs ; — • ^ 

Heel chair H 

I 

” ® ' . 

TuriiBut chair lio. 1 ... H 

i» II II 1 ••• Hi 

j» II II 2 ... H 

t. 2 ...H, • " 

• • 


Fur list of Three Throw Syitob Chti^ see Chapiter III. 
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THK THttKE THRtW. 

CALtTILATlbxS. 

Calculation is only feasible in solviiij^' thL>'siinplei>^ 
problems, drawing to large scale being as a rule, more satis- 
factory. * 

Type 1. — ^n this lype both turnr/its imay be eorisidenal 

* astspriuging from tlu* longi-r switch. , 

• • 

The length of the U^ngcr switch in feet? should be* about 

twict' the angle number of the flatter Qfossing on the main. 

• 

The rule's for tach separate turnout ^yith n'gard to the 
main, will be the suftie as for a single turnout. The s])ecia! 
calculation will bo to lind the lead and angle for the middle 
or “ crotch ” crossing (Xj). • • 

Wlu're till' tunioi^s are equal in h^ad and radius, ai^l 
the main is straight, it will be obvious that X3 will lie in 
the centre of the four fo<fl, andtilial ihe "crossings on the 
main will be opposite (see 2). 

• • • • 

The (leneral Rules f)f Tabic* 27 uTay be applied in this 

case. • • 

U'3 will be \ (1-14 ^ 

Or with the usual standards, “2' 4-j"-4J' 

== r Ilf * 

~ • 

Angle 11, which is half of the aiiglifc X.,, ma\ tlien he 
obtainecl from Ru^jc 3c ;ind tliti^Lead h, from R^lu Ic, using 
the angle n. 1\[ will be the angle of the* longer switch. 

Table 37 cc'nniains exainpb*s of ^’hree Throv\^*in which 
the main line crossings are op|)osito. Approxi.nate nilc's 
applyirrg to this particular ®itse are: — 

' N8-NjX.726 * 

Tj ij “ L ] X ^ • G2 

• • 

Type 2. — In this type, the turnout which diverges 
further from the main may bo considered as springing from 
the longer switch. ^ ^ 

This switch, how'ever, will have? a dR'^^rgence of twick.* 
the normal, of 2H ; tl^erefore jhe longest switches in use 
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should be cnii)loyed. * The turnoift may bo solved by the 
rules far single ^turnouts, but M will have half its usual 
\ahic. 

\ 

'J’he turnout hearer fhc main springs from the shorter 
switch, which hasj the yiorinal divergence, 11.^ 

It is possible, blit not advisable, to solve the third 
crossimg by the rules given for tlie double turnout, including 
the case where it is Jesir(»d to have t\fo crossings lying on 
the same timber, as in Fig. 3. , 

Alternative Caloulatlon. 

• 'riie calculations for the third crossing in either Type 
l<ir 2, may also be made on the assn i^iption that one turnouti 
springs from the /itljer. Ihiis in ^Type I \vi' should hfivt' to 
solve a single turnout of bontrij-dexun' ; the switch lenglli 
booing that of the lor^er switch: the divergence JH; M one- 
half its usual value; jtnd W being G —211. 

S.,. • * 

* ” In 1 ypo'^^ the turnout wnli be of, similar Ih-xure, the 
switch length bl'ing that of the longt r switch and the diver- 
gence, JI. ‘In tkis type, the Jibovc assumption is not 
sutlfieiently accurate to give the Lead, but it will suiVjcc for 
tindiiig the crossing. angle. 
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CHAPTER SIX. — THE CROSSOVER 'rq|I.J>. 
^ 

CHAPTER XIR.' I 


, THE CROSSOVEI/ ROAD." 

In addition to thi* oi^inary crossover rjoad, the following 
notes will naturally apx)l\ to all of connections 

sirj^ilarly made between .two parallel or nearly parallel 
tracks; such as Crossover Junctions and Loop* Connections. 

Suitable Radii for orossovers find various similar (Connec- 
tions are mentioned ifi Chapter IX. , 

A CrossoviT I'^oiid consists of ^-vvo turnouts joined with 
a connecting porlion of trjick. The dimensions for the 
turnouts fire dealt \^ith in Chiipter XV. 

In the presejit discussion, turnouts of siinilfir and contra 
flexuri' with tlie nuiin, will be slioftly referred if) as the , 
“similar” and “contra turnouts” respectively. 

PRACTICAL DETAILS. 
nc.m-i. • • 



One method of checking and timbering a crossover 
rofid is shown at the upper fail in Eig. 1, whilst “ Through 
ClheckSig ” or checking by “ Parallel Wing Rails ” is shown 
atr the lower rail. 

The latter method is th be prefi^rred, but chairs 
marked X2 and C 1 will be of special patterns to suit either 
right or left hand crossings ; unless the usual chairs are for 
wing rails parallid to the crossing. 

In Chapter XT I. it fs ad^watod thatj^he arrangements* 
for timbtTing in fi crossover should b<* stucTft'd when deciding 
upon a standatd length for crowing logs. 
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j CALCULATIONS. 

V Prob. \ (Fi^. 2) . CroBBoyer between straight and parallel 
mains at a glveiy distance (8p) apart, (gauge lines) , 
and with « stral^t connecting portion between orces- 
IngE. Turnouts ullke. Length cf switches and one 
tunioot dimei^on given, namely, <elther Croeslng^ 
Anglei Radiu6«> or Lead. 'Required the distance apart '' 
(D) of rrossing fine ‘ points and length overall of 
' crossover. 


FlC.m-2. 



JinM 




4 


* 

' -C- 

y._D- +1 

\ 

>1 

•*- S L ^ • 



lst» — The turnouts may be solved bv the General Buies 
•(?'Hj)Iea 25, '^5, or ‘iT). ^ ' 

2nd. — A rule for D may be derived as follows; — 

Referring to*Fig. 2, produce the straight portion of the 
crossover as shQwn by the dotted line, thim ; — 


• D-C-E , 

an'd C — Sj) x Uot B ' 

and B = (ix(''08ec B 

i 

S,3 D = ( tip X Cot B) — ((i*x Cosec B) 

Rule XIX.— 1. 

ro eonvt'i’t this rule to C.L.M., so that trigonometry 
need not be used, subs^tute the values of Cot and Cosec B 
as given in Chapter XTl., and we obtain: — 


D - 8pN - a - G,N - J 
D = n'(Sp - G) - 



Rule XIX.— 2. 



TTIE CROSSOVSaft 


The cannoif bo neglecifed unless only ^ough 

results are required. 




To pi^fc the rule into words:— ^ 

9 

To Kind Distance npart of (grossings (D). From the 
Space deduct* the (laiigo and mi(ltiplv by Number of 
crossing, th(?n deduct the*sum of Sj^ice and .Gauge divided 
by four times No. of crossing. ^ 

l^'xAMri.E. — lieq^iif(‘d the length overall and Uie dis- 
tanci* apart of crossings in a cros^)ver* with 1 in 8 crossings 
and 1.)' switches. •Straight mains, 8' 5^" apart (gauge lines). 

1st.— When N*=8: — 


. Lr=.r>7' <r (Ihilc Ic or Table 31.) 

2nd.~J) = 8 X (8-4/ - 4-71') - ) 

, .(liy Rul.‘ XIX.— 2.) 

(Taking 8' o.J" a.s 8-46' and 4' 8^" as 4-71'). 


,-30 00 -•41 


:'::29-09= 20' 7" 


3i'(l. — Length overjilJ : — , 

=■ 2 X (Lead + Switch) -f D 
-:2x(:>7»0%l.V U'') + 20' I' 
- IT.V 1" 


Table 38 shows J)istancos 1) for various spaces, with 
4' 8J"*gaug(.'. , 

- ^ 

LxAxMplk of the use of Q'able 3,8. 

• 

Required D for a ai>aco of 8' (cli'ar)]* Crossings 
1 in 85 . 

D for 6' 0' c4!nr=14' OJ’ 

Add for 2' O', 2x8' 5#' -16' 111' 

Add f«r 3'r 3x8i'= li' 

D=3y''~7i'' 
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4lh.— 


““v/aF 


A'J^(2r — w)* 


t 


sfOT^ ■ • »«»•) 


»-3 + (4 X (i-21 X lCi)0) 0*21 


_ / )' 
■“v iiy5-3+( " ■ 

. /ism® 

\/ ‘lO0(){5-5 


'1838r>^ 
;-5 

n = (»-7®l: 


5th.— 


(Ilulo Ic.) 


, • 2Mn 

# 2x4()x0*7(>4 

-Tvnii 


Cth.— D-2(l-L) ' 

, -2(71'31'-^-77’) 

--= 27-08' . 

The saving ovcj- a straight between cr<v<Sings 
case will be about 2' 6*. f 


It may be noticeil that iho above sr;iution*is nc;! quite 
precise, but it is near <;nough for nil practical purposes.- 

Table 39 give's the distances for crossings with ri'verso 
curves betwGK'u yein, of the# same radius as the cn>ssiT)gs 
would have on a turnout. The figures in the taolo u’ill show’ 
a slight discre^iciney with results arrived at by the above 
rule because the former have been obtained by a^eometrical 
method. 

• •. 

Ptob. ^ (Fig. 9). Crossover between straight or curved 
• parallel mains, with given oAsslngs of different angle. 

There is a possibility of ^his case arisiftg when crossings 
of the same angle are not at hand^ 

A curve will occur between the crossings, and the 
gre«alor the differenco in^angU, the sharper the curve. #• 

We will first assumc»the mains straight, and the curve 
to extend fronS one crossing poiiit to the other. 
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• 

A rule for “ D ’ * ni(f\' bo derived bj' using the same 
principle as in a turnout. Tiisl(*ad of the switch angle, we 
must take the angle of the flatter (or flr^t) crossing and call 
this 1 in Nj, and the ot-hcT crossing 1 in N^. 

y = G x'CosBa 


or*mC.L.M. y = G - 

w — Sp — y * 


(apprhx.) 


= Sif- a + 


G 


'S' 


= wx 


2NiXN,, 

N'r+N. 


from Buie Ic. 


= •(®- - « + -^Is) (1+lf) 


X = G X Sin Bs 
i = ^ (approx.) 


% 



G + 


G 


\^f2NiXN*\1_G_ 

I \ Ni-f Na / > Na 

Ruls XtXt — 3a 


* * » 1 

If the^ mains are curved it will be evident from tlfe 

remarks^ Vipon “ Equivalent Radius in Chapter that 

the same rule for D ” will apply with auflicient accuracy. 

Example. — ^Required the distance D between a 1 in 
ij (Nj) and a 1 in 7 (N^,) crossing with 8' 5^'^ space between 
mains (gauge line^. ‘ * 

* BeoauBe from Bale Xll.*tl6, Coe Upprox.)- 
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. THE CROSS<)VBft ^AD, 

D={(8.46’-4.71'+^1)x(?“^)).-4^^ 

, » By Rule* XIX. -3. 
= { (8-46 - 4-71 + -05) X (7«75) } - -67 
= (3-80 X 7-875) --67/ 

= 29-t>2-'67 
r-.20-2.)’---‘29'*3'' 


A n)ugh mil! fipplving lo lhis#cas;e* is : — 

D = 1 (Sp- (J) X Na 1 - :r Rule XIX.— «. 

where =tho«averagG of andljg; or in wor^s : From* 
the Space deduct the (iaiige and multiply by Uie« averttge’ 
of the crossing numbys. then deduct the (raiigi' divided i)y 
the second crossing munbtu* 

In the above example : — " 

. D=|(8' sr -*4' -an j- 

= (.3' rx8)-8’ 

= 30', O'- 8" 

29' 4" 


The appmx. rule will, howt-vor, show !i grc-fiter dis- 
crepancy with wider aiiglt-s or with gfoitlor differences 
between the .anglers. 

• • - ; 

Prob. 4 (Fig. 5) . CraesoYer between curved parallel mains 
of Radius,'* Ru” and at a given distance ^p) apart. 
Crossings to be of same angle. Required Ae Distance 
.(D) apart of orostdi^s, length of otossover ^overall, 
,and the Radii of the bimout curves. 



241 



This arrangement id only suitabie when the main curve 
is fairly ^at. f ‘ 

For t?ie crossings to be of the same angle it is evident 
that the track between tliem must be curved to practically 
the same radius as* the ni^iins. 

'rhe distance / ' D \ will be the same as on straight 
mains with the same crossing angh?s and spacb. 

The two turnouts will be dqual in lead but different in 
radius, the sharper curve being in thetsiiuilar turnout. 

Generally, the prf)cedyre will be to*first decide upon a 
minimum radius for the similar turnout. , 

Example. — M ain 21 chains = K„i. fiirnout 7 chains - 
Et Space 6' Switches 15'. 

1st.— lObtain Equivalent Radius (F^^. ):■*— 

= chains — (>98^ 

• 2nrl. — Obtain er(»-ising for* this Radius, frouf Tables or 
Geivrai Rules 

^ When 11 cm’ and S - 15' 

■ This will* bt' tli*- angle of the two crossings and: — 

;3rd.— p^-- 1;V 0" (Table ri8 or Rule XIX. -2.) 

4tb. — J^'or Radius of other turnout: — 

« 

'■ * Ri'ile XIII.— 2. 

Rm Re 

21 x?(>5 ' 

“ 21 ■- 16-5 chttma. 

.Ith. — The leads will be oqifaT nnd:' — 

T. = 62' 2* (Table .31. f 

6thi—ljengthfc overall : — • 

'2(L + 8) + D 
=2(62' 2* + 15') + 15' 0' 

=;iG9'4*' . 

•* * 

* - When the maiss are shoiply lwiry.ed the different radii 
of the inner and outer rails i^ould b» allowed for.' 
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Prob. 5 (Fig. 6). CrcpsoYer betw^ two ounred parallel 
mains of Radius ** R ” and at a ^lyen distance (Sp) 
apart. Particulars of Simllajp Turnout given, and Its 
curve to extend to the croipslng (N^) of (he Contra 
Turnout. Required the Particulars of Contra. Turn- 
out and Distance (D) apjurt of proeelngs. 



When the* eum* of th(‘ maips is fairly sjifirp, the 
arrangernont of (.fu* pri'vious probloui, i.c., orossings.of oqj*af 
angle, cau‘=5es tlie Ic^id of tht* contra turnout to becoipc 
unnecessarily long. 

To reduce N.^, and thereforti its ledd,*\M* may allow th(‘ 
curve of the? Similar Turruiiit to extend to N.. 

The calculation is then .^^iinilar lo^ihai of obtaining tin' 
second crossing in a dofible lini^ junctloij. ^ 

Example. — Mains; 14 chains ~R,p S- 15irnout 
chains -Rf Space.CV SJ". Switches •! 5'. 

Ist.— (RpleXJir.— 4.) 

Rni Kt * 

' 14 V 7 

= — ^- 14 chains - 024^ 

2nd. — ^ 10 ^ ^ (Table 31 or Rule 3c.) 

L, -- 69' 3" (Tabic 31 or Rule Ic.) 


3rd 


_ = M X / B.-Cj- iWa p /jj j g . 

VRe-G+(2xWgXM*)^ 
and W2=Sp-H • 

= G' l‘'=6-08' 

N, = 40x*v<^ME3W3- 

* V' *924 -4-71 + (‘ix 608 X 


i«00') 


=40x 


V 20875" 


=40 X. 212. 

= 8-4o say 84. 

This is C/ossing l^p. for Ccaitra Turnout. 


248 



!l^ 


CilA&TER XIX. 


4th.— Find 1. 


J‘2 X 6-t)8 X 40 X 8-5 

1= ^ 

,=-8^'fiay 8^' 


(Rule Ic.) 


j;th.— •D=1 -*Li 

= 8.V24- 69-25 

= . icy 

=± 

Gth. — As n‘gar(ls tlio Contra Turnout*: — ^ 

When — 

Re — C) ')8'^say li) chains; Tiil>l(>«oJ or Rule 2c.) 


and j =- <U)' 0*^ 

7th.- 

l\ni lie 


(Tabic :n or Rule Ic.} 
(Rule XIII.— 2.) 


. ♦ 


ItlxlO • , . ^ 

-- =- 35 chains ; approx. 

— rj(^>^h o\fnill of crossover:*— 

---r., + D+L,+2S 
irt'C .'{"-r-ifi' o' + oo' u' + .’U)' tr 
. = 170' 0' 


Prob. 6 (Fl^. 7). Crossoxer between curbed parallel mains 
of Radius “R." Radius of Similar Turnout given, 
and the Contra turnout to be Straight. Required 
the Varliculars ^ the Turnouts aild Distance (D) 
apart of crossings. , 
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As the Radius of the nlains decreases, the Contra 
Turnout may be flattened, and it evcntua|ly bccoinefSl reason- 
■ able to make it Straight as in this case. * ’ ^ 


Exi\^lPLE. — Mains, 10 chaink— Rm- Similar Turnout, 
7 chains = Rt. Space = 6' • 

1st. — With the Cfontra Turnout Sir^iight, and the Main 
10 chains itidius, th(‘ J'jead and Oossing will be for all 
f)racticfil purposes the same as if the reverse mviv the 
case, i.e. : — . • • 

• WithS,-Jlo' (Table 20.) 

(Table tn.) 


(Tal)Jo ;3J.) 


2nd. — As'regards the SiniilartTunioul : — 




chains = 1540' 


= x/l>x -aBl • • Kiilc Xf .-8, 

= x/UiT7>i-.)81 


or say 84=.^; (8ce Chapter Xl .). ^ 

Consulting Table 01; when B-'2r arifl R=l.').')r: — ’ 

3rd.— tly Rfile XIX.- 3 

D=*{(6-46-4.71+,-^yx 

= (1-75 + • 014) X (10-28) - -36 
. = ]J;77' say 17' 9" 

Prob. 7 (Figs. 8 and 91 . Crossover between two straight 
* mains wblcb are iivclined towards eaol>ot|ier at a 
given angle (E°) or 1 in Q by G.L. Measure. 

To make a defined problem* we must have given : the 
Angle of the first emssing (Bj or 1 in Nj^)and the Space 
(Sp) between mains at ^somo point, preferably at B,, on tWf 
square. Wo shall then require the Afcgle of the scegnd 
crossing (B, or 1 in N,)* and the Distance apart of crossings 
(D) which will be takin as shiflvn on tlie figures. 


/2 X 8-5 xl3v) 4-71 
I'S-O+lfi' ii "13 
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Foliowing the angles in the figure, wo see that: — 
B 2 -B 1 +E 

• • f * 

Conrerting this to C. L. Measure we get: — 

XT _ NiX Q lUjleXIX.— 5. 

^ .N,.+ Q (From Rule Xll.— 24.) 

• • 

To derive a rule for I) ; drop a peq>eiidicular A B and 
then from the triangl^ A B C, • t 

/li + G=rSpxCds 
, .'lD = Sp Cos B^-G 
and from the triangle A D E, 

D = AD y Cosec B 2 
/. D = (Sp Cos Bi — G) X Coaec B 2 

Rule XIX -6. 

Which convei'tcd to C. L. Moitsure bccoraoB:— 

“ ^ ik) • ’ ®“"* ™-’- 

Example.— A ngle between ^^ains 1 in If , =9. 

Sp=C' oi’. 

Ut^-. = (Rule XIX.-5.) * 

2nd.— D=(6-46-^|-4-71)x(7+*) (Rule XIX.-7.) 

-1-71x7* 

•• = 12 - 03 ^ 

* See^wge 240 * 
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kA 


Case 2 (Fl^. 9). Whea the mains dlYSiige fnrni to B 



a* 


B,-- Bi- E 

, 'n,+ Q RuleXIX.-8. 

■ - (/ ■ ■ N > tErom llule XII.-25.) 

The sfliHi* rules for 1) apply as in iJase J . • 

• * 

Kxvmple. — A ni»li' l)ot\wo.n mains 1 in K^.=.7, Sp-' 
:.-6' 0^ 

Isfc.— ^ 3 = =--9 (Eule XIX.-8.) 

2nd.— D=(6-46-^-4-7l) (g+^yiRule XIX.-7.) 

Vl.68xO,V* 

• .-15-17' 
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( CHAPTER XX. 


THE DIMIOND ANI>TIIE OUTUSE CEOSSINO. 

The tochiiioal Verms' in connection with tins subject will 
bo used in acctA'dance ^\^th the h)irowinfj; detinitions. * 

Diamond. 

The diamond-shaped portion of trftck funned by one 
track crossing arioth(*r. and comprising two acute* or vee 
crossings and a pair of obtuse or diamond crossings. 

I 

Obtuse Crossing or Diamond Crossing. 

One uf the pair or “.set *’ of crossings fofmed where the 

rails- of one track cross the two rails of aiiotlu'r track, 

^ The usual naming cd the i)arts of^lu* ol)tuse crossing is 
shown by Tig. XX. -\1. ^ t 

Other notes applying to the* “ diamond *’ (jccur in the 

cltapters on th(' Double him* Jtinctioii and the Sltp Bead 
* % 

nmst first be repeated that roads through diamond 
cro?S»isags slaJhld be ,as straight as prgeticabK' und(.*r the 
circumstances. \ 

Dang(’r ties in* the gap hi‘twriri the diamond crossing 
points, and from tliis arises tlie Hoard of Trade Buie limiting 
the fixed diamond at an angle of I in 8. W'lion the* diamond 
is on the curve, severe w<'ar occurs on tlv diamond points 
and w'ing raji, and the i(*nd('itcy for the j,vlit*els to get to 
the wrong sule of the point is increased. 

There *^re at least Vwo mechanical w'ajj's of remedying 
this tendency. One is the use of “ switch diamonds/’ which 
are worked like a set of switches and in running lim's, all 
the requirements applying to lacing points are rendered 
necessary. By this devic;o diamonds Hatter than I in 8 are 
introduced Ju many cases, 

• • • 

Anotner device especially useful in diamoilds on tin* 
curve is the “ Williams DUitnond Point Protector,” in which 
"blocks arc caused to rise in the gaps and close them. 

** ' Constructional^ details of Ihcse^ appliances are beyond 

thte scope of this Vork. and the rtvider is referred to those 
firms OP raihvays who manufjjcture tVni- * 



THE DIAlioKD. • 


The meaaureine'nt the {jtoglc of an obtuse crossing 
will naturally be taken by the same iiictho|[ of njeasul'erneiit 
as used in tin* case of the acute crossing ; iil this w^rk Centi^ 
Line Measuni b('ing used. • 

The angle of an obtuse crossing lai(f in the track, may 
be taken by marking l^vo points * one either side of the 
elbow, wluTCi. the gauge lines of elbow And point rails are 
Clinches apart. 'Fhe distance between these’ points in feet 
wiil give the Number of the. Crossing. • ^ 

•CALCULATU)XS. 

'rheso will aix^ertain to the problems in connection with 
the* dijuensions of tjie diamond-shaped iigure formed by the 
intersecting tracks. 


Prob. 1 (Fig. Given the* angle of the 'Diamond- 

Crossing (B OF 1 in N) between two straight tracllra. 
Required the length of the diamond sides (E) ; tne 
distance between^ Yee and .Dlemond Crossings 
measured along the main* (F) ; the distances d and 
di, and the distand apa^i't of Vee Crossings (J). , 



It is obviouhi Wiat tin* Vow firi.- of Iho sanic imf'lr ns thc 
diamond, and i^'fcrring to THk. XX.-l, by' cloracntiiry 
trigonometry, it will be- soon that: — 


«fck:^-GxCowr; B 
F = GxCot 13 
d = G X Soc? J 13 
di = GxTaniB , 

= N X d 

• J =2 X N X G X Soc J 13 


Rule XX.— 1. 
Sttlo XX.— 2. 
Rule XX.— 3. 
Rule XX.— 4. 

' RuIe'xJt.— 5. 


Converting to C.L.M., see Ghtiptcr XII., we get: — 

E=G X (n + ^ Rule XX.-fl. 


Rule XX.— 7. 
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Rule XX.-4. 
Ride XX. — ^0.- 


d=G + <G-f8N2)* ^ 

d^-‘G-r2N 

J=2xN&Gx(l+g^)» Rule XX.— 10, 

Example. — 1 in 8 Crossings, 4' 8^" Gauge. 

l8t.— E=4' ■ Rule XX.— 0. 

= 4'8rx8sV 
=37' 8*+"ir* 37' 9f 
or in decimals E= 4-708' x 8*03125 
= 37-81' 


*' * 1 \ 

2nJ.~F=4' 8J' X (^“4^) XX.— 7.) 

= 4' 8.rx7St 
= 37' 8--ir=* 37' 6^ '^ 

8rd.— il -4' SJ*-?:-'!' 8r^(8xglx8)} (Rule XX.— 8.) 
^ 5=4 8i +(4 84 ^512) 


=•4^' 


(Rule XX.— 9.) 


4th.— di = 4' 84*' ^16 

=.?i* 

6th. — Jf=2x8x4' ®4* ^ *(Ritle XX. — 10.) 

. =75'4'xl^ 

• 75' 4" 

= 76' 4* + 11* 

= 75' Sy * 

• — 

Distances E and P for various angles are given in Table 38. 

M ^ I » 1 I » I J T » 11 44 . 

1 > d I » • J J II II 4»5 . 


V 1 -f- ifs a near approximation to €|eo. i B, and may be arrived at 
by a stndy of Pig. XTI.-4. • ^ • 



THB SIA^KP. 

Piob. 2 (Fig. XX.w2)., Olveii 'tiM. angle (1 in N) of (he 
diamond oroeslng between a strait maimand a 
otmed Umragh mad of given Radnu (R^’on ontaF 
mil. Requimd the angles *(Ni and N,) of the Vee 
onfiwings and their distanoes (L^fand Lg) from the 
diamond measiwed along the straight main. 

ric. , ax i2.* . .o ^ . / 



L, ii 


One way of solving this problem is by tlic systerr^* 
described for Double Junctions, but as a preliminary, \vi(Ttfls 
W must be obtained rfrom an imaginary line parallel to ttie 
main. ^ , • 

Otherwise, the problem may be solvt'd by the General 
Rules (Table 27j, but in place of the switch angle number 
‘'M/' we must substii,nte N. The Vf will be' equal to tnc 
Gauge. 0 ^ 

'rht'U if N. the crossing# of wider angta^ian 

X, and Li its distance, ^ * . 

* Rule XX. —11. 


/ r-k; " Rule XX.— 11. 

-.:N X yj • (From Rule 3c.) 

,T ^ ’ I^JeXX.-12. 

and Li - 2 C.X ^ ^ j 


'lo find the Number (N^) of the* crossing of latter angle 
than X, the Radius to be taken will be R-G,<u:id we get: — 


\T * XT ^ / B— G + ^G 

^ JNa^JN (2 xGxS^)-*G 


Mexx-U. 

Example. — N ~ 6 • R ^ 

^ Obtained by first stating *N in terms of N3 an^ then transposing^ 
to give W-i- 
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l9t. 




^ / ^797^65 

“'’^v 80Cf+338-9g+2-35 


=6x V -6989 
==6X -*836 

=*0-016 


2nd.— 


Li=2x4-708x 

283-384 
" ' 11-016 
= 26-72' 


6x5016 

6+50r6 


(Rule XX.— 12.) 


3rd. / 800*— 2*3^ /■RniaYT i*i\ 

. N.^Oxy' 800-72 x4';708 x 36)*-7-06 • ‘ 

. « ^ /797 e 


4th. 


j65 

453-96 



= 6xv' 1-7571 
= 6x1-326*' 

= 7 -950 


L — 2x*4-708x'^-^^^^ 

Lj-2x4 7Uax^-ggg^^g 


(Rule XX.— 12.) 


= 32-21 ’ 


Frob. 3. Given the on^e (1 In N) of the diamond orossing 
between two onnred tracks ol given Radii. Required 
* the*aiiglesi of the Yee orosslngs and their dlstanoes 
from the diamond orossing. ' 

This problem ma)- bef solved in a similar manner to the 
above by 6rst obt.aimng the Equiv. Radius and using this 
**as the R in the Rules. The* distances L, however, to be 
exact, should be^lheasurcd along e tangent to the main at 
the diamond crossing. ^ • 

21^2 



THE DIAMOND. 

If in this problem, the length ol the Diamond Sides 
arc required, solutions may be obtained by|Calculatior> such 
as given by \V. L. Webb and other American writers, bij^ 
the only use of such intricate culculations would be as 
exercises fftr advanced mathematical studirnts. In practice, 
the diamond sides wo#ild be measured from a drawing 
or lining out, either after cfilculJiting <he distances as 

mentioned above or from the originai data. • 

• 

It may be noted ^ that if the curves* are of tlii* same 
radius and flexure, Uie diamond sides jvill bc» equal and the 

Vec angles equal to the diamond toglo. 

• 

Where there is ^iny curve in the roads, after the position 
of one of the diamf)nd crossings is defined, the position of 
thc‘ opposite oiw should be fixed b^\ bisecting tl^e obtuse 
aiigli' as described hi (-bapter V. and repeated in Figr 
X\.. -*2, l)iit the equa^base lines AB and A(' should n^t 
exceed the gauge. 

This procedure is suHicientiy accurate in all practical 
eases, stridjly, however, the two crossing points should li^‘ 
on line H J. t’ig. XX. -^-1, wliicli is th^%isector of th(‘ angle 
0 E F formed l)y two tangiaits E G and E F t^ tfiu centre 
lines of the four foot at their intersecti^^n E. ^ 



frrwckleordbowbend Q — — 
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THE MAMOND. 


DETAIL DIMENSIONS OE DIAMOND OBOSSINGS. • 
(Pigs. XX.— 4, 5. 6 and 7.)| 


The preliminary remarks made with r^ard to the details 
of Vee crossings apply to the following ; — ^ 



Angles available from stock. 


Angles of switch diaiponds which | 
may be used | 

Angles in wliicli the point rail i 
forms the wing rail of the | 
Vee as in Pig. 5. ..r j 

• 

Length of diamond point rail,(a). j 


Length of elbow or wing mil (b). j 

* j 

Length of obtuse check rail(d). j 


Widtli of nose of point rail (p). 


Normal Plangeway Clearance 
from point rail to elbow and 
check rails (F)^ 


Cleararfce at ends of cheok«r»ii 

_ (F,^. .V,.. 

• 

Distance nose of point rail 
from centre of elbow bend ( q )* 


Distance apart of points e.) 
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DETAIL DIMENSIONS OF DIAMOND CROSSINGS.— confinMei. 


Gap between wing and check 
rails at ftlhoV (g) --.r** 



3-(fr-Fjx4xN. Pula XX. -15. 

Length of wing and che-^k vail i oj^^tdelrance ’from gap 

elbow’ bends (}) and multiply, by four tiiiies 

Number or crossiiig 

1 

Length of splay of point rail (y). 
(See Table 43) 

y- (Width.of rail-p)xN. 

Rule XX.— 16. 

or in words 

From width of rail deduct 
width ofp nose and multiply 
by Number of crossing. 

1 

Length of bend at end of check 
rail (k) 


CHAIRING OF DIA.HONDS. 
Refer also to “ JJst of Chairs ” Chap. HI. 


Usually 1 in i (a 
right angle) to 1 
in J. 


Angles at which a Twin Diamond Pointi 
Chair ( used to receive botli 

(liiunond i)oints as in Fig. 6 .......... 

Allies atwn.ich two.Dianiond Point Chairs: 

( ) l)Lt no other special chairs! 

beyond Check Chairs ( ) are used,! 

__ ! v-u • • vjlv • • • : 

Angles at which two Diamond No. 2 Chairs’ 

( ) are used asjn F^g. 4....^ 

Angles at 'which Diamond Elbow Chah j 

( )j^ in Fi g. 4 ! __ 

Angles au which in yard w’ork, no check! Usually 1 in J 
or wing riiils need be used and special! C.L.M. (a right 


timbering may be 
in Fi g^ ^ 


introduced as! 


angle) to 1 in i 
C.L.M. (6r-23'). 


Angles pt which the obtuse check rail! 

ina> cease ti extend to the Vee as it! . about 1 


does in Fig. 5 and usual an'angementsj 
introduced as in Fig. 7. 


Position of crossing blocks 


iu 2i. 


< » The spaces in'brackets are for the reception of the distinguishing 
marks on the chairs. 
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t -- 


DIAIMOXI) ril AIJ^S.— S pkeab, Positiux, etc. 
(Rcff'r to riifi|)jt<‘r MJ. und Figs. ITIaTj 11, wui] (>.) 

— j ^ 

Sjiivatl (S) --- Width hrtwct*!]^ gaugt\ lines ot diamonfl 
I'Kanl rail and dhow* rail, at cmliv cliaii’ Mi (jucstion. 

■ i)islanco ul idiair (conti*(‘) froni fine jx^inc of obln^o 
(eeiitro uf dhow Ix-rnl) is S nnitiijilied l)>^Xn of 
crossing, 'i'hc S lu^irkfal oii l'’ig 111^ 7 .ap[)lu‘s to a Ver 
crossing; to ii|»pl\ to a Diamond, T ninst he added (o it. (sec* 

I'iiT. \X.-4). 


lbs. pci i 'bairs for AiigicK of . 
vjircl. I 


KPRKAJ) (Si). 


Point 

Cho.iv. 


(yliair I ■(/baiw*^ 


No. y. 


No , 


2.57 
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^ CHAPTER XXI. 

SCia&'OES (;E()SS0VER eoads. ® 

A Set of Scissors Crossover Eojuls nitty be d^ned as a 
pair of crossover rojuV which intersect ouch, other. They 
are sometimes named C Double Crossovers.” 

The use of “'Scissors” is nol advisable where there is 
sullicierit room to put in two sepurale^ crossovers, because 
more crossings iU(' 'iie(*ch‘d and heavier inainteiianee is 
(‘uiailed. • 

Types of Scissors Crossovers. 

1, png(‘ l2()2 (Diamond cn^ssinjvs in nft.).-- 
Tliis is , useful wlu'ii the length takc'ii by ilu> crossovers in 
Ixdli mains, /.c., the length overall, must be at a miniinum. 

'I’he, |)ortion through tlu^ crossings should be straight . 
though when tluvinUins ar^'^ eur\(*d, this portion may have 
to he curved to save distance in ?r6ssing the* six foot. 

■ Type 2, Eig. 2, pige 201 (One Diamond crossing in 4ft.. 
points to outside of crossings). — 'I’his may bi* usc*d when 
there is'inoi,* length available in one main than tin* (d.her. 
and wiiero the apace, between mains will* not allow for chairs 
in Ty\K‘ 1 

Type 3, Eig. 3; page 207 (One Diamoad crossing m *111 .. 
]K)ints to insuh*. of crossings). — This gives a minimum lengtli 
taken up in one of the mains. Only four Vee crossings are 
needl'd with this type. 

Tables 40, 41, and 42 contain examples of Scissors Cross- 
overs of these three typos. 

Praotioal Details. 

In the following notes, when a wing rail is mentioned 
as acting as a check rail, it must bo of the typi* Icnow/i as a 
“ parallel wing.” 

Type i. — As regards chairing, the critical dimensions 
- are those marked x (Fig. 1) which should be cqifJil. 

The minimum for x may be as little as 1' (gauge 
lines), but usually 1' should be allowed. Thus a scissors 
of this type usually needs a space betw^ mains of (V ll-J" 
(gauge lines) or 6'-^^ clear. If thc^clcaf^pacc is under 6' 4" 
special chairs will probably bo required. 

25$ 



’ • _ SCISSORS CROSStlVERS. 

An idea of the chocking is givon by I’ig. 4. 

If the space between mains is widcficd, tho checking 
length niarkecl c will diminish, as shown infl'ig. B#an(i Ihi* 
space inust^not be increased so that*c becomes too small for 
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. »> ' ”” "■ ' ■ 

With 8 J crossings and d --7'' and c = 2' 9^ the maximum 
Nj)aco (Sp) will bo found to be about 7' 8'' (gauge lines). If 
the space is further increased, it must be increased so much 
.;b will 0 \able the wing rails to act as check rails as shown in 
Fig. 5, and in detail in Fig. 0. J-dlicient checking can be 
obtained in this ’way with a spacie of 0' 10' (gauae lines) or 
9' 4^' clear. -With a spkee widc'r tlian 9' 10' there will be 
no. checking dilfufultieff. 

fj 

333[*S., 





SCTSSORS CROSSOVERS. 

'■ 1 ■ V ■ 

With fi fairly naiTOw space*, such as (>' (V' between mains, 
the two acute crossings and the elBo.w rail of the diamond 
aijo made in one piece. This is known as d ‘^triple ejos^ing " ^ 
or sometimes as a “ fiddle back.” ^ ^ ' 

Type/2. — 'riie critical dimonsions a# regards cliairing 
will be y c^nd \\\ -i- H (liig. ’ 2 ) ; the*usual I’ur eilla r 

being 1' IV' (i^iiiige lines), but 1' -hV' ad\*i^^le. 



The checking is shown in Fig. 0. U will be noticed I hat 
crossings Njl and have been kept oi^])osite to each other, 
to ease checking 'dithculties. Fig. 0 will serve to show how 
the wings act as checks in tliis case. Jf and Ng are no^ 
opposite, Ng must be oTie or move timb<»; spaces nearer the 
diamond croesing,' or clieclting will fail. 

9 m 
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Type 3, 1 ig- 7. — The (limen«iion Cl* must allow for throw 

• t • 

and clearance of s\Yitch toe as in slip roads, 9 ^' being a usual 
minimum. ( 

I \ 

The iiccossfU'v Jengtli of check in front of crossing 
must also be allowed for. ^ ^ 

V 

t , 

This type^ is limited in its applieatifju, because unlv'ss 
we use short switciiea to throw \he diamond crossing well into 
the 4ft., ^ts angle becomes flatter than 1 in 8 . 

CALCULATIONS. • 

. In ail types of sci>sor.> iiie rules e.iid feihles for singh* 
‘hit'iOiiis Jiud eros*^(-)Ver roads ‘ipply to llii‘ particulars in 
c<Sjinect.ion with llie four crossings on tlu' mains. 

Type 1, Tig. *1 . — Tile fliniensPons additional to those of 
th*' turnouts arc: — Angle of .Ofitiiso crossing Angle*, 

of Acute crossing in si.\ foot (N 3 ); U'-ngths I and D. 



Ex.\mple. — Main linos straight; (!ross roads straight 
across six foot ; Angle of Turnout crossings (N ^ ) 7-1 ; Switches 
12:'. ()' 9J" (‘Sp). 

1st. — ^When Ni=7};ii- 

E=r483' (Table 31.) 

4 -51' 2 '' (Table ^31.) 

D-14' 9" /Table 3^8) or Hxiio XIX.-2 
2C2 



SCISSORS CROSSOVERS. 


2nd. — ^Find d. 

Because the track is straight across the six fo^t, the 
le of the obtuse (B°„) is twice the ar|gle of the acute • 


3rd.— 


4th.— 


. = G X Sec B „ 

= GxSec ii, ■ 

(Rule XX.-3.) 

=a X f +2^y) 

(approx.) 

n G 

iSS 

Rule^KXI. 1. 

:r.4-708 4--0-LT 
=r4‘7r)3' 



Rule XXI. -2. 


V '2 ' ' • 

== l-0J0 - -r Of' 

W 3-4 Sp-H 

-j ((V 

r=a' Of" --30208 


Rule XXI.--3^ 


5th 


n=*Ix A (Rule 3c. 

• , V R -« -K2 X Wg X M®) ^ ' 

/“ 2 ‘I83--'4-71 - frjl 
• • ^ V 478-3 + (2 ^3-?V208 x r024)* 

= 32Xv/ 


32 X 21-84 


81-G4 
= 8-56 ' 




1 • 1 • 

♦ Sec B - qIjY X ir.-15, Sec B -= 1 -I- (approx. ) 
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0th. — 


Ttli. — 


N 3 - 71-2 (approx.) (froiTi Rule X1I.-24.) 
'-=8-o0-:-2 • 

- 4-28 


, ... 2 X M X 11 


V :V0L>(),S N 


2 X 32 V S-oO 
KKIO 


(Rule Ic.) 


!0:i4-910 * . 


40-80 40' 0.1" 


Sili.i- 


N„* (approx.) 



, Type 2, Vh^ -j j^.nnrtii ,, 1 ’ iliv* •-cii.sors ovorjill 

1" i)o <\{ a ininiimnu,* \ imi4 he* j, possible'. !n 

■ I I’di'r ft) srit'.piifv lh(‘ liuih' riut^ and ( lirclun,:, lumcvei', an 
fc'i’ranLfcnu'nl iiii ai adnpird 1’ov lla* ( l‘ 0 '^^ln'( in idle six loot 
(N^j lo lie fipposiiji ran* (jf the (‘ru.'-Mipsjs .ai llu* main (X,). 



Example. — Main linos straight; cross roads straight 
#j,l)ctw’ecn mains. Angle of Turnout crossings (NJ, 1 in 8 ? 2 . 
Switolipfi ir»fr. *St.iace (Sp) 6 ' (gauge linos). Crossing 
in six foot (N ') to lie oppos[to a ero|sing on main (N^). 
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SCISSORS CROSSOVERS'. 


1st. — When “ S-A tlicn : — 

11 =-- Cuy' ('J’uIjIc 81 .) 


Lzr.C^O’' ('fablr 81 .) 




D-J4' QV* {'I'ahk* f58) nr Euli- MX. 2 
- • • 

• 

2n(l. — To ciUiM* N^. and N, to lir on* I In* s.un(^liini)i r 
and 3 'Gt to kccj) ^]i;^dilly iioan'v to iln* t.hliisi' cnKsin^^ to 
iinprovo thu luako as ‘ a 

trial. • 


W. 


..-- 1 ' 2 . 1 "-- 1 - 2 ()H' 


8r-l. — Jlecausi' tJio tracks arc straif^Iit ; — 

c — (W , + y ) ^' Anjdc Mcasuiv ) 

--l-r)88xHJ7l (.sec 'ITiblc 8t).) 

in-iik i:v qj" 


4lh.— 


()| 

1' ir 


i r (if - 18 ' Ay 


This is the distance ii line poinfs of N\j and N,. 

Allowing for fine 4 )oint distances, it will be soon that the 
blunt noses will lie upon tlie fame timber, andyvot will 
be nearer to the obtuse than N ,. The \V., + H of 1' 7" will 
therefore be 3uiii:j|)le. , • 

5th.— n = Mx^/^.---Tf A- (Eulo 3c.} 

V R*-(i + ( 2 x\V,xM-') ' 

= 40 X / ^ 

V 0-'*S*-t-(2xi-2(»8xJ(j00} • 


= 40x 

V4519 

= 40 X ,Tf, -n- 
07 i 2 

= 1 . 5 ' 20 ^ 
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6to., 1, = 2 W 3 X^^ ' (Rulelo,) 

_^xl'208 x 40xir)-204 
55-204 

S. ‘ 

^ \ 409 . 0 U 

• ■ 55-204 ■ 

r= ^ 6-02 = 20 ' 7 i* 


7th.— ni = Ni=8-50 

and N 3 =.H-^^ ^(Rule XII.-24.) 

_ 15-2(1 X 8-50 
23-70 ■ “ 

= 5-45 • 

8th. — i = L — c - 1 j ' 

• *'•-%. = (i0-7n - 1341 - 26-62 
* 20-^2 =- 20 ' 84 " 

• I 

9th. — la=Tj-4j 

= 60;75- 10-36' 

^ =^^50-39' = 50* 4,V 

10 th.- ‘<Wa = ^+k (Rule lid.) 

^ 2 li M. 

« 

_ 50’4^ 50-4 
' 1316 40 

= 1-930 -i-1 -260 * 

= 3-190' 


> 11th.— y = G-Wg-H • 

. =4*708 - 3-190 --375*^ 

= 1-143' = !' 1^" (whicii will ju*st suffice.) 

266 ' . 



12th.— 


13th.— 


sc IS, sons cnossovKRs. 




B 


B+(2xWjXM«) 

= 4.0 X / . 

V <>.’)8+(2)i319()xlt)0 

• =40X 


v'CSB 


ItiOO) 

y 


' 10H66 
_ 40 X 25-05 
~ nu)4*'2~ 


(^uic ;3c.) ^ 

# 


N„ = ii„*=2 (approx.) 
'=-y“84-^2 
= 402 


Type 3, Fig. i \ — in tilis typo, ay previously luf-nl ion.’cf, 
there are difhculties in ke(‘pitig the dif^tigud cn^ssiiig to a 
limit of I ill 8. It will hi* fninul tluit tho s.wilclies must 
either be sljort or C5ijrve(l. sfi ijril they lenv(‘ the main with 
nioro divorgonc() than is usual in maiu^ine work. Also thi* 
turnout ourves liavo to l)o rather small in radius^^ 

Table 4*2 will givf an idea of the rt^sults i^j^bo exj*fc‘Cted.* 



H 4^^; therefore M = 32; Cl 9'^; Sp4j' 5J" (gauge lines). 


1st. 

• 

Ni=8-00 • (See Table 34.) 

2nd.— 

L = 55' 5 " (Sec Table 31.) 

3rd. — 

D = 13;7i'''(See Table 38.) 




CHAPTER XXI. 


2 

- l_2'-6' 

\i — 2 " ■ 

1" I • 

*W=: - 4- 

2R M 

^ lH%71-_^ 18:71 
1188 ’ 32 

= ■205 + ‘585 
= ■ 880 - 2 ^-" 

j; = W + lI 

= 10’/ + 4i’' = l' 3^ 


(Rule lid.) 


’ V” rT 

nr=Mx 

‘ VR4(>2MwxM‘‘) 


(Rule 3c.) 


^594 + (2 X •HS0xl624j 


= l.'5-93 


N:. =2 (approx.) 


’ = 1 in 7-!;r) 
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CHAPTKR XXII. — THE SLIP ROAD. 


CHAPTER XXII. 

^ 

mu sf.ip KOAi). 

• • A Slip linail is a ctiiMirctin^ Irapk two otln'r 

Iracks at a place whc'n* tht‘y cross each (Wlicr 

A l')(>iil)le Slip coiiii('(;ts luo inlcrsc'cl in^ t^ficks in 

" ];oih flircctif‘tis. • • 

'I'he um‘ ')[ sli|*roarl< in a facing direction (jii main lines 
should he av(»i«li'd a(*connl of the (jill'ieiillx in providing 
tor Joclonjj: lairs, rdc , and also hc'canse of the sharj) cnr\e 
of the slif) rail. *T]ie Itadii ohlainahle with various anodes of 
efossin^^s will h(' foinid in 'Pahh* da * * • 

Slraieljt inlersi'ctiiii; tricks art' hesj suited for ll^ 
insertion of sli]>s. and natnr.diy the Ifatt'-r the crejssin;; 
angle, the easier tlie (airv(i«oi‘ the* #h]). • * 

If tho main track is cift’vcd, the cross track should, if 
[lossihic, curvt'd to the saine extentiiand fh'xun'. 'J'liis* 
in th(‘ ('ase of a series* of slijis being retjuirefl in si'vi'ral 
p.u'allel mains, will keep tin' crossing angles C'-^fflatii and. 
tlie •^li})s of similar dtriaaisions Tbe slips on*thi‘ in^dc' of 
tin* ciirtc ^^'ill naturally bi' of Jess radius iTTm thost* on thiV«.-' 
onisidi of tile cMn'\ (', • • 

rRACTlCAl/DKTAlJ.S. ’ 

Pig NMJ. 1 *shows typicjil di'tails (;f double slips in a 
diamond of I in H. ^ 
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GiUPTEB XXII. 

The clearanVe (Cl)' between giuige lines at the switch too 
should allow for 'throw of switch and clearance of open 
*\yv'itch fr()m oprf^site rail. 9ins. is the usual niinimuin for Cl, 
though 8ms. niaV sornetinies be made to sulhce.t (generally 
Cl should be gnXiter in double than single slips, to allow 
room for the fc»;^'o^v;lido chairs needed. 

^riie distance Y should allow /or suitable ‘timber s])a(*iug • 
and for a sutficieiit length of check mil opposite to the Vee 
crossin^T. • 

The switch lengl^i is largely a matter of practical choice, ■ 
but it should approximately suit the radius as ex])lained in 
Cha])ter XL ‘ 

The slip rail (.4), lying between ‘the switches, ma\ 
generally be made of a stock length, whilst^ the rail B inay 
possibly d)(' one' of tlu‘«'special short rails for laying on the 
liii^ide curves. 

* The dimension d betwei*n diaiifond crossing and slip 
rail (gauge lines) -should n(^t usuayy be l(‘ss than i' 2". This 
will allow space for th(‘ ehairtj at C which art' liable to 
become foul of the slip rail. . i. 

A valuable purpose would be served by designing model 
arrang».'nitv;;ii;s (d diamonds with slips, to give good chairing 
and a^’ninimwn of rail cutting. , 

Special chan's are needed in some oases for use in slip 
roads. TIk'ac are marked * on Fig 1, brackets being left to 
reci*iv(i the distinguishing marks on such chairs. 

• , 

• CALCULATIONS, i 

The diAicnsions c^aicerned and the symbols used will 
be as follpws: — 

L .*4110 Angle of the Diamond aiicf Vee crossings in 
degrees. 

N. The Number of the *same angles (by C.L.^I.). 

J. Direct distance apart of Vee crossings (tine 
% points). . , 

V* Distance from toe of switches to Vee crossing 
(fine point). 

Cl. Clearance, between gauge lines at toe of switches. 

S. Switch length. e 

* H. Heel divergence of s\vit?ch. ^ 

M. Number of swildii angle Ti;y C.L.M. M=rS-rH 
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THB SLIP HOAD. 

Switch angle nn dogrcos. * , r 

1. Length of slip rail bctwefii Ij^vls of is\utches -• 
(outer rail of curvt*). • 

li. * Ijongth of ^lip road overall. 

E. Eadiiis of outer rail of l;lip. 

(1. C’l^^ss flisl.inci' of dianibnd crossing from slip 
rail {gauge lines). 

V. Versed sini;of slip rail, i.e., on a chord e^ial to 1. 

Taking into account the short lerij?th of the curve and 
the fairly flat angk's wo are dealing with, c-erlain allowable 
approximations are ^nade. 



Prob. 1. Given th» angle B'’ or 1 *in N between two 
straight tracks. Required the besrpraoticable slip* ' 
road which may be laid in the diamond. 

Example. — N= 8. Cl nni less than 9". S. 15', i.e., 
M--40. 

1st.— ’j=!l X N X O X (l+gj-,) (R"fe XX.— 10.) 

•-•2x8x4' ej-x(l+5;,) ^ 

-- 75' 5j" Problem XX.-l.) 

• 2ii(l.— Y = 01xN (Rule JOtll 

. =9''x8 * •• 

= G' 0" 

,3r(i.— 1 = J - 2Y - 2S • (Rule XXII.— 2.) ' 

= 75'0''-12'0''-30'0'’ 

' = 33' O'* • 
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If \vc‘ htivo rail's in* stock, Itiuay he made 8.^', wliicli 
will make llio sJip'lonf^th overall ( L) OIV. Y rmd Cl must 
tl|en ho ^^leulatrtj afresh on this basis: — 

4th.— • V \ 4 -j']-S (Rule XXII.— 3.) 


h" -jh' ()"- i:/ 


CI-.V4X 
'■ =(V H'‘-r-8 

=yr' . 


(Rule XXII.— 4.) 


„ , ri .1 o- a\ (Rule XXII, — 5) (from 

611.— 11= i 1. -8111(^2- A j . v.uhL-M). 

» 

(Rule XXII.— 6.) 


whic-h coavi-rU'd to C I..M. bccoiues; 

l>.*N'xI.l, 

T .‘16 X 8 X 40 

In the oxanmle .K--=#' — ^rTr—irr.- 
‘ 40 — 16 

ifMho . 

• 7th.— 

- ^ 33- -r (8x440) 

S-- 1080 --3520^ 

-■300' -3}" 


(from Rule IX. — 1.) 


' d=(IVM) +V(approO (Rule XXII.— 7.) 

* ■■ “(f '<ro)+ir 


=.•788' -.-*•309' ' 

= 1007' = 1' I j" 


To be more accurate ( m) should be multiplied by 
• B .1 



TJUVSLIP HOAD. . 

Till' use of shorter g‘<\utc*lu'S* t him thi^l.V ut* llu* nho^...' 
oxiiinple will ‘,nv(' a jj^reaha* “ rl '' inul thns more s])yc‘i' for 
the eliiiir.s at “ (' ” 1). Sliori switeiius, lu)we/er, ha\i • 

i!i(‘ ohjecthuis iioU^l in C’haplor XK y ^ 

To retain switches we ma\ (1) cut away lh(‘ chair 

jaws or the iKtlloin iiaik^e of (lie i^iil at (‘i) Pack tait 

^ till* sw'itcli hi^'I lo obtain inon* (liviri^^enerr (It) f'se curviil 
s\Tilches, which ap* (‘speVially n^i'fnl in slip^; as tjie;\ j;i\.' 
more (Uvorgi nee tor their Ien;^Mh. * 

• 

THE OUTSJDK SLIP 

When the sw^itches (»f a slij) road lie outsicle of the \co 
crossings of the dftunond, it is known as aii Outside Slip 
Hoad. 

fh'injr rjitiier e«)Tnplicaled il is wot commonly ^ised, Imf 
provides a na'an'^ of formin'^ a slip wlaai llir (liaiyminT 
angle is too wlih* In allow of an inside slip • 

I'KACTTcAI, f^KTAIhS. 

PhotiaXo 8 gives an ilk'll of the cheeking and cliairi^^i, 
required. • • 

The minimnin f^a* the dislances “ W,, r II<i**anKl “ d 
(Fig. XXII d) shonkl he jilaad 1' 2". rfl’lie hvM. tUTaii^ement 
is for them to bo ne.arly oqind. ^ 

• • 

C:AI.('U].AT]0\S. 

The calculations form an interesting upplicHliori of tlic 
General Eulns coRibini'd with (hose for blip n ads, 

• • I 

Prob. 2. Required the partionlars of an outside slip 
road of* Radius (R) ~ 400’, to connect t^fio straight 
tracks crossing at an angle of 1 in 4 (N) ; Switches 
*15' i.e. M = 40. • . 
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CHAPTER XXII. 


t 


1st, 

i 


.1 =^2^ N X G X (Rule XX.— 10.) 

. =37' 8 “ + ^" 

\- ar Ilf say 38' ' 

t I 

2nd. — Find length of slip betwrt'n heels of switches (1). 
For thisvpurposc llule XX1I.-6 must ibe Iransposi'd and we 
obtain ; — ^ 

1= <Hiile XXII.— 8.) 

400 X (40 -8) 

“ 4x10 

400 X 82 
"■ 4x'4() 


Ord. — Xj and I. may be^ f6und by the rules for the 
ordinary turnout, and thus; — ^ 

(»5 by Rule 3c. 

-40' fi' by Rule Ic. , 

4th.— (approx.) (Rule XXII. — 9.) 

_. 80 ' o'-ss' (r 


^ = 21 ' 0 " 


5th.— Ji’ind tho wid^ W, for a lo.‘id = K. , 
K® , K 


W-,= 


2R M 


= _2l!_ , ^ 

2 X 40Q 40 

^•441 *21 

800 ^ 40 
= •561' + -625' 

= 1076' = 1' 1* • 

rSr 


(Buie lid.) 


end +H=r r+4-r= i'(ir 
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THE SLIP BOAD. 

6th.— Find the Width \\\ for a 

+ ff 

= +10 
2 400 40 

=: 200' + 1-<K)*= 0-00' 

7th. — d = 0 (practically)-* \V 3 *— H 

=•4' Si'-.O' 0'-4i'' 

4" 

It moy b(» noli.-d llitil if in thi' exam]>U' H harl hron tukvn 
as 462' (7 chaius) wfth 15' switches, d nonhi work out to 
lOf", w'hich would be too^rnall. • * 

In soJiting out the slip* tiie sw'itdi h»*i.ls should first 
located by measuring ihe distance fl (ai eithiT side of th(‘ 
centre of the diamond. The remaining prDt’tfdurr easiU 
follows. 
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CHAPTER XXIII 


i^^HAPTER XXIII. 


Sip.iNG GROUPS. 

'riic planning of Siding (iroux)s with thi'ir “ (iaUieriiig 
ljiru*‘<,'’ or lauMcr Tracks,” hardlv comes within the 
scope of this w(a’l\, but bri(‘f notes iij)on some of llie 
difiieiisional questions inveived will not be out of place. 

'Dll' di'signer may be working under one of two leading 
eoiulitious. 

(1) V ht'n the goneval lay-out of the sidings is d(‘ter- 
miii 'd by thi‘ shape of the land available, and it is required 
ter gain as much siding standing room on th(‘ givc'n area as 
f«(jssilde. ri‘gardless of regular or ideal alignment of th(j 
Iraeks. 

.(2) When tlu' siding groups may be desigiuMl practically 
imlependeiitiy of the qiKUitity and shape of the land required 
or of local r^isiacles. 

In ibis ease tlu* designer Inis a free band and the objects 
id planning the lay-out will be: — 

i(it hiiisy and regular runriiug on all routes, using 
curves of a constant raihus wiiorevcr possible, but 
increasing tlu* radius to compensate for the effect of 

gr.idienU. w lu're necessary (see Cbaf»tc‘r' IJ .) 

« ^ 

(fO d’he maxiiiuiin anunint of standing room obtain- 
able* witfi tlu* tracdv materials usetl. conipctiblo with Iho 
riMjuiii'iiu'iit tjf eas\ luniiiiig. 

fci liepetilion of turnouts,' sii[) roads, etc., "of the 
same dimensions, and of a model type in which eutting 
^of rails is avoided, and good chairing and timherieg 
attaii.ed. 

When working under Condition (1), calculation is of 
little use, and it will generally be a matter of making 
^-•epcatod tj'ial.s by drawdng ob lining out, until the best 
arrangement is ariotfed at. * 

When Condition (2) obtains, calcTilation may be applied 
lo nlmost.^ill the component parts of tiie scheme. 
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. ■ . SIDING GROUrS. 

Figs. XXIII. -1, 2* an(l 3 .show yj^oiis systems 6f 
arr.inging gathering liiu's and eonncctions. the apjyo^iinate 
iinglt' which the gathering line iryikcs wih theynain imd 
sidings hewng ubtainabk*. from the scaloy drawn ugon tho 
diagrams. 
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CHAPTER XXIII. 


If the main Vnd the sidings pj»’allel thereto are on the 
curve, lit will usuairy be found that the gathering line should 
hi^ve tlnr same crirve, and the same angle between it and 
the main with^traight* tracks in a similar design. 

In ' designing, the following method of procedure is 
recommended 

Draw the, gatherihg line with the partiflular arrange- 
ment and type of turnouts whi(nh it has been decidt^d to use, 
upon trj^[?ing papefr. Upon another §heot of tracing paper 
draw the main line and the scries of pauallel sidings, spaced 
as required': By placing <fnc plan over the other, it will be 
seen how best to fit them together, and sclAmie in the special 
conni'ctions needed at the commencometit of the gathering 
line, including those to ih(‘ main, to thi* trtij) siding, and to 
.the first (^me or two sidiygs. i 

Safety or Trap Points and Sidings. ^ 

Tin* Board of Trade Rules state tliat “ Safety Points 
must be provided upon gfiods lifies and sidings at their 
junctions with passenger lines. • 

Tlies(‘ points art^ mteiuled to pri‘V(‘nt vehicles passing 
from tlu' on to or foul of the in.Min line without pi-r- 

ill i ssi 01^^* of m e^ sign a 1 y i a 11 . 

Whore thereSs sutVicicmt space, the Safety Points l(‘iu] 
into a Sii/ety t>idiiig " otherwise named a “Trap,” 
“Runaway,” or “(hitch Siding” This siding will often 
prove useful for •other purposes if made long enough to 
receive an engine. . 

In all cases, the points d traps shoukl bt* situated as 
near as practicable to th(‘ outlet crossing on the main so as 
to reduce tjie possibility of vehicles being left by inadvertence, 
either foultif, or unprotected from the nuftn line. At the 
same time the^trap or trap siding must be in such a position 
that it derails or leads runawayt^^ihicles clear of the* main. 

A device intended as a substitute for Safety Points is 
the ** Dcrailer/* consisting of a specially shaped block 
wtiich saji^ be moved on 'to or a^'ay from the rail by a lever 
in the signal box. The advantages claimed for lihis device 
are that a length of siding standing room may be saved, at 
least equal to the length of the switch which would bo 
teecessarj^ with trap points ; al^ that a vehicle entering into 
tl^g.jaidiiig will paasiover it without clerailment or damage to 
the permanent way, even though *by mistake the derailcr 
has been left on the rail. * 
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BIDI NG MOUPS, 

The usual arrangpmtnt for a trap ai^ng is shown oii 
Fig. 1, where a turnout leads to a buffer stop. TWe 'space 
between the trap siding and ih(‘ main niustfnot bc^loss thrfn 
the standiifd spact' between running lines/usually 

Jnstend of buffer ^Jiops, a “Drag" is jjfoietimes pro- 
vidc‘d, formed^ by covi'ring .some VMigth*^of the rail or 
(owning a bank with sand* or ashes. This method has be(ai 
found to he quite as e/heient as a buffer stt)p. ^ 

• . . ^ . 

A s(it of doubJ(fc slips will often provide a convenient 

Jay-out for the trap and otlu r coifnections at the entrance 
of a siding group (%ee Fig. 2). There is an objection to this, 
however, in that tl» switches on the trap road will not be 
set at the same time to suit wheels trailing over them into 
the trap from brtih directions. . , 

When then* is not room for a siding, and Trap Points 
are used, these may Ift' formed of (*ithor a sing!*' switch, a 
pair of switches, or a i»air of “ Stradrllc* i' switches. The 
last device is shown in lug. 4 : f!ie whecds are- assumed to 
lravi*l along the back riiils until the gauge becomes too widj 
and thc'y dro]) off. ^ • • 

Th(^ Single Tongue Trap (Fig. 5), howevei^ha?; been, 
found by experiment 4:0 be the most sa^isfactofy for gt.*aoral 
ad<iption.+ ^ 

• ^ • 

It may be. advisable* to extend the tr.ip switch by a rail 
curved so as to turn vcdiiclos^ aw ay from .the main, or to 
proviefe a “deflector rail" as rccommcudcd in the articles 
referred to in .the footnote. 


*See the Railway Gazette, October 15th, 1920, for illastrated account ^ 
of experiments by the G. W. Oailway. 

+ See the Railwtg^ Gazette, October 15th, 1920, and August 26th, 1921, 
for illustrated acSiunt of dxperimen^ by the O. W. Railway, with 
rppy)niinpnrlfi.tinnN. . I 
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HAPTER XXIV. 

SYSTEM OI'’\AC-l’()ES OK S1MP[KK[F.1) RULES FOR 
J'0[NTS^!iyJi .UKOSSI.NTJ PROIE.JvMS. 

The Cjencral Rules exphwiied in Clmpter XIII. aiVl 
collectecl^in rnble^ 2“), 2(3, and 27, are intended for use 
when prepariniT Roferenct* Tables and, Li.sis of Stajulard 
Diniensioiis, and in *oUkv oasis w lii^rt* exact results an; 
desired. During the course of work in jiractice. liowevrr, 
we shall often tiud tlu' need of a set of rw'Ies which will L(iv( 
results rapidly and yet v\ith a fair degree of accuiMcy. Tliis 
.chapter unll explain a irietluxl of obtaining aiw.l appl,>ing such 
Mdi;s. . 

• ^riie same svmbols will he ii'-ed as ja tlu- (leueral Rule'' 

t 

'rile system .'is whole will be named tin* Sj/Hlcm af 

))ecause by it Faefors or^Xutubers ar{' obtaiiuxl by 
which we nia\ multiply or divide'sonie given dimension in a 
turnout or oilier arr^T\‘:reTneiit to find 1 he n'quiit'd dimen- 
sions. 

As, an exiimple, jf it is der'ired that a certain tunanit 
^junst have a I i* 8 crossing, it can Iv slated tliat under 
certain condii’ons : — 

The Lead will be 8 x 7-14 -oT-r2'. 

The Radius will be 8 sijufired x 3M)0 --- 582'. 

The Factors in this case being 7-J-l ami 0-()13. 

'rhesi* I^actors give simple rules whie^i are invaluable 
in sohemipg, ])!anning, and comparing different arrange- 
ments eitlur in tlie cdiicc^ or on the ground. « • 

They are«fdso usi'ful wditai making out carders fr)r the 
matt?rials, including Switch lens,Mis, Crossing Angles, etc., 
from a. small scale general plan. • 

, We imist first of all know the particular Standards ito 
which ♦iv* T'actort?' are to applN .* 'I’hese .-ire ; — 

Gauge. 

Sw itch Heel Divorgc'nce. 

Distances between Tracks. ^ 

• The examples •will apply to tjie 4' S J" gauge and 4^^ 
Heel Divergence, though as j-egards tiniple TTirnouts a Heel 
Divergence will be included in the Tables. 
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SVSTKM OF FAOTOnS. 


To find Factors for the^ Single Turnout (%b]e 46). 

For Factors choosi* varimis valtirs for tlio 
b‘<‘t\vceii 8 and N, sucdi as an* liladv to ocfuir in |)rflcli(*u.^ 

riiis ^'t'lalion was discussi'd in ihr njaai tlic 

S^sitch. llu- ideal lluin* recounniaided Ixan^^ 8-- 1} x^. 

I'rotn the F^’s oWain i*orri's})()iu]in^jji/:"'^a lions heiween 

M and X. theftc will he tlv F./s. 

• “ • 

Then take Fiilt's \o. h* and No. 2(^. Table *J7, and in 
these, instead of ]\l, siibstilnte its value in lenns <JrX. thus 
obtaining' Factors l’\ and t\ . , 

The reinainii^ Faelors may b(' detliieed from these now 
arrived at. 'I’he Factors F,, I'.,, F. ami will be named 
“ (uiidinij .Factors ^ and the reniaind' r “ W'orldn^^ taetors.” 

'file Verg'd sin«* of the licad (’iirvt' for a tixefl ridalion. 
b'‘twr('n S and V will lu* eoimlanl ; for exanijile, ii'i niattey 
wlmt values 8 and \ ma\ w bi'iii'Vir 8 X -- Ijf. will 

be HT'. 

General Directions for uiyng Factors for Single Turnouts 

(Tittles 16 and 47). • , 

'Take (lie <lin!eii'^ijin .vi\eii in Tlu* problem, ibis will 
• idler In' X", H, or L; if tlu' 8\\ilcb is not- ^iv'>» ejioosi' 
sni table len<^tli for it^ 

'rile 'fabii's are ^M•11 siiitv'd for this ])urp')se,' fr)r siifjjn'iwe -■ 
’.v" wish the SvviUdi lo be, for t'xamole, I'f y X. •f'Xeil dioii^di 
Me may not loiow ?n we can obtain 8 iToni tlie K or the L 
b\ t\41owin^' tile line in Table^Kl bet^i lining* w jili F^--- and 
tind that ; — ^ 

s^ v'n^-rxs i 

Otherwise L-f- 8 = 4*08 

,-.S=#h-h4 08. 


. d'hus by mnltiplyin^f ^/B by *581 or by divitlinf^ L by 
408, according t(j wln-tlier 11 or !Ms gi\ew, we sfl;^li obtain 
an ideal lAi^tli of 8 witch. This, however, may not. he a 
stock length, so therefore we must choosc' the ni'arest stock 


length t(^ the ideal, genei’ally preferring one whieli is longc'r 
to one wdiich is considc'rably shorter. 

We may ntAv ])r(jce<icl as if the Bwift’h had been given 
in tin* first phffce. 
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CHAPTER XXIV. 

\Vc will assume that a Radius of 1560' and a 15' Switch 
are given. 

Fii\;t obtain a Guiding Factor thiJs- — 
f;=s-x/r 

, =io-f-2r)-6t/ ■ 

=--•584 • 

Looking down the column of we find that the , 

nearest one to this 'is '^BI . W'l' may then fore ust* the 
Working Factors in this line of tlu* Table lund so: — 

N=.v/R-lv. 

='2rv()0~;'v02 
‘ rr 8-51 

and L=-x/Rx F, 


, If* Crossing Xinnl^er is gi\in, obtain a Guiding 
Factop'F, bj^dividiivig S by \ ; if the L/oad is given obtain a 
.. Xiuidiug Factor by dividing L by S, and then in either 
case proceed in a {iiniilar manner to the above. 

Factors may be af)|)lied v. lu'n tlio main line is curved 
by using the principle of '‘Equivalent Radius frofn the 
Straight," as explaine.d in Chapter XIII. # 

The re/ation between S and X should generally b(‘ the 
same as with a straight main, but wo may note that with 
curves of tsimilar llexihv >vt' may often ft ve to make S 
shorter, and j\ith curves of contra fioxurc, longcT than the 
ideal. * 

* 

^0 find Rotors for Yarious Widths (W). Table 48. 

System of Factors wdth its-siraplificatioiA of calcula- 
tions may be applied to other cases than the Turnout. 

The reader should first peruse the opening remarks in 
^ Chapter XIII., he will then sbe th^t the proposal is to find 
factors applying*1ij) other Widths j W) than the fixed Width 
ot the Turnout. 



* I ^ SYST EM OF. FA CTOR8. 

We shall not nerd to obtain as many factors as in the 
caso of the simple Turhont, the only pjlobloins likely to 
occur being as enumerated in the first two column;! below. 


Given {in afldition to : 
the Switch). 

To liud. 

ry / 

ftnie. / 


~~w 

V 

• R and W 

N • 

V R* -f* F„ 

Ditto. 

•L 

• 

• 

\ R* X Pt 

N and W 

vie 

N X P,, 

L and W 

V R* 

L Pt 

R and N 

w 

W is opposite Pn in table, aiid 


1 

P.; - V k-H.N • 


In the first column of J'al)Ie ‘J8 are placed llu; various 
Widths (\^ ^\hicIl will (;ccur i*n Ju!icti<ai, Dcnabk* 'ruriKuit, 
etc , ]wbleiris. . • * 

'I’lie second column shows the kind of prnbleifT to*v\lnclr 
llii' W’s apply, reft n'uce being nuTdo^lo *tlie various 
Ifiagranis, 

• • 

As in tlu' cast* of Single Turnout Kaclors il is necessai-y 
to clv^jse reJati(jns to base tl#i' sysfian upon, that is llie 
(i aiding Factors. • 

'rherefore*jigjfii3 lix upon fldations bet wt‘enlthe Switch 
and the Crossing Number at tin* Width ((i -H) for a Siiigle 
Turnout. 

Tin* i'^actors r ^ are thus elioseii as IJ, l j,fau 1 2. 

• • s 

Fryiii the I'\ ’s take the corresponding P^j ’w from Table 

4 (>. 

• 

The Guiding Factors F^ •niul F •are pl<iced atl^«^heaa 
of the Factefi: columns. - 

Now obtain Working Factors F^, and F,, which when 
the Radius is given, will serve* to find N and L and which 

* It may bo necessary to use •v'^R - 5- W iuatcod^of as explained 
ill the later remark^. 
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w ill b(i all that is required because these Factors will serve 
in the reverse ca\^^s, thus • 

* * If N - V'R* -r Ffl 

'then v^R = N X 

an^il L=^ 'R*‘x 
then v^R= L F? 

'lo^iiid K„ take So Hr, T/ibJe 27. and instead of 

M and M~ substitute 'its ^^diie in li'rms of K. 

'riiis will j^Mvo a rule by whicdi *inav If' I'niind ior 
any \V. ^ • 

Fo tind F. taki* Rule No. le. Table *2'^. and insli'ad of 
%i\l siibiitituto ils v;dij<' in lenns of H or f(>r crinvenicnei' of 
and instead of N substitute \/[i - J\V-r F,j. 

This Will f»iye ,a rule by which -E\ may he found [or 
any ^\■. * * 

fl _ 

• It will be lujli^^ed ilial" v^K — J W is usf«1 wit,h tlie 
Factors in (his Tal)l(‘^ and not y/lt. y^}i may be taken, 
.liowevrr, Jh oiilainiiii^' Crossing Angh's willi iininaterial I'rror 
and aKo for Mu* FeAds when W' is simvII, say under 4' 4', 
when only r<jfTgli results .an' n'quired. 

U is i,fie Itadius of llie rail upon which an ordinaiy 
turnoul crossing, wt)ul(l lie ^Jii eases w here the ero'-sing is 
on the oilier rail, ps llu‘ N.^ in a junction, the gauge, say 
o', niusl be deductTsl from 14 • , 

y 

DirectioT\6 for using Factors for Various Widths (Table 48). 

'The preceding remarks should be studied prior to llio 
following fiirfher explanation. , 

The first, thing to decide upon is either F,^ w'hich is the 
relation of the Switch 'length which will be used, to the 
lladius, alternatively, the Gij^,iding Factor 1\, which is'the 
relatiSli* between *the Switch length .and the Crossing Numla'r 
for a Single Turnout. It is important that no other crossing 
must be taken notice of in obtaining this relation. 

► By comparing the F^ ob P, thus decided upon, witli 
Ijiose in the colw^sin headings of ftie Table*,' it will be s«‘en 
which column to use. For example, if the .Radius is to be 

5#' t ‘ . 
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600' and the Switch’ 15': — 

= 154-\/600 
- 1 . 1 - 24-5 • 

-■612 

1’lie neairst F. I.n is ■5.^1,- so wi‘ niay take the 

\Vorkiii^ Factors in the OA-iluinn with this at tlio head 
for liiiding the (’rossiuj' NumhiTS, hec’aRs(‘ it nu^os little 
(iifiereiict' wliic-h ('eliiinn we take f(;r IIk'Si', and llie Table 
enabic's us tc» rind them rapidlv anfl as aeeuralel y as required 
by Using' trie eoluilm lu'aded wilh the (Iniding I’aclur nean'sl 
to till' aetnal Viiet<?i‘. 

Wdlh regaifcl to llie Ije.-id, ho\\e\rr, it' tliis i.*^ required, 
fairly aeeiiralely, in taking llie Working l^^ietor F,. W(j lyusfr 
allow a prc)|^orlion diu* to the dilYerenc' lietwi^en the aeti^l 
F^ or F^ aufl Uiat ni‘are-»l ti^ ii in ilie 'rabh' Alternatively, 
\\e may first tiiid \ hv a*l'’aetor^(i’\. j iTmf then use Rule ie. 
(Table'27) to find L. ‘ • 

• ’ • • 

The same remark to using tlie»l^aelors wht^n the main 

line is curved a])|dy as in the case of thi' Single.-tl’urjiout . 

SYSTKAf OV FACTORS —Ka.\M PI j:S. 

'I'liese e\ampl('s will illustrate the use of Factors in 
practtee. It may be repeatefl that in every ease the tirsl. 
step is to det^Tiniiie tlie Width (W). an! ih.' seeuml step is, 
from tlie ISwitchT S and either N, v'P. or L. obtain one 
of the (Iniding J'\iclors F^, F-, or V\. 

lo^r th(' sake of (dearness in explanation we i-Tnfll usually 
omit tt^ reotily thi' Working 1^'aelors in pro^'^or.ion to tlie 
(liffereiHM* between tlic (luKling Factors as found and tliose 
in the 'I'ables, though it will be ol^vious that more accura.cy 
is*obtaine»i by allowing for Uiis diffi^rence. • 

For ccTinparison, tlie results wlu'cdi would be arrived at 
by walking witli the (Icnerul Rules are in most cases sliown 
in brackets. 

Problems 1 to 9 ar^ solved by the of Table 40 and 
the n'lTiainder.bv the iisf^of Table 48. ’ 
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SINGLE TURNOUT, STRAIGHT MAIN. 

Problc^m 1 . Crokilng No. given. 

^ Ex.anipie — Given Crossing ^o. (N) 7 ^; required the 
reniainingViiiiL'iiidiis ; tlio .switch ](‘ngtli in feet do bo not 
I 0 S.S thj!h.i 15 tiiiios^tho Crossing No. 

1 st. — 'riio^^H^'ch shohld not be loss than : — 

Assinning that we liavo no stock swiiclies between 12 ' 
and 1 ,V, vhon : — ^ 

2 nd. — Find the (hiiding Factor; — 
l\-S-;-N 
- 15 -^-71 

‘ “1 

‘ drd. — Find II 10 Radius; — 

• * Rv-N^xli, 

('onsulting the Table \\v fold that when Fj^ is 2 the 
is, 8 -^» 8 , so:— , ^ 

R- 7 -r)-’x 8-<)8 • 

- r)()* 2 r) X 8-98 


. - .50.')' 

(507') 

Fijnl Ihe^lA-ad : — 


L -N X F, 


. -7-5x,7-;iO 

m 

-5 1-75' -54' 9" 

(r.i' 8") 


Problem 2. y Radius given, * 

Ex.vmple. — R adius 8^ chains (oGF). 
l-st.-nti? loose flu* Sditch. ■ 

'I’lw ideal S— v^Rx -581 (See Chapter XT.). 

- 23-68 x -obi 
= 13 - 77 ' 

AssuraiBg’'lo' is the a\i\ilUblc length nearest to this, 

S = l^ 

2 nd.— \/& 

= 15-;- 23-68 t 

. •* =- 633 . 
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Our nearest Fj to this is •627, therefore : 

l=Vrxi\ 

= 2368 X 2-40 
=. 5^-83' 


-23-68 ^3-01. 

Thus a 1 in 7J crossing may be usorl if the curve conlinues 
^through the crossing a 1 in 8 it the crossing Icgfs to bo 
straight. • 

Problem 3. Lead (i^ven. 

Example. — Load 50' 4"-'5()-5IV. Switches 12'. 


1st.— 

• I'h-I-?'! 




i ■ lO 



1 -- I 

This li(‘ 

s lii'twei'ii ilic l' Js 

'll 

of and 44)8 iu the Tabli 


therefore • • 

Rw-L^-:-E, 

:r)0-;^r-r)‘5i 

• --my 

N-T. : K,„ 

- .“iO-.Ti^: 7-00 

’-■ T-lO or ^.ly 1 iu-7. 

Problem 4. Required the Versed Sine. 

Example. — C rossing 1 in 8. Swik'h 15'. 

1st. — Find tli(' Guiding Factor. 

= 15-;- 8 

— 1 7 

• "iiL ^ 

In the ITist column of Table 40 and opposite this" we 
find: — 

V = 8|' 

If the R or the L are^ given we muste^hid an F^ or an 
Pg and take tlio V opposite that ^Factor. 
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Problem 5. shew the results when the turnout curve 
l^s assume as tangential tb main line. 

If the turnout curve produced is actually tangent to the 
uiain lira> and tjmg(?ritial toitlu* switch at its Imel, the 
relatiCn betwecn'Hhe luvnoui diiuenhions will bo as shown 
by the Facto/a marked :! jn 'rabies 4j[i and 47. 

Example. — iross.ing 1 in 8. 

S : X * 

' S- X l-dd 

- lt).r,7' 


(’ole ^dVe'^ 
Whitelaw gives 
Frere aiws 


fi- 8 " (►•7.7 

('.0‘V 

L' :):r iV' 
b 7-r 2" 
b .M' :r ' 


W- ()(i‘)-7' 
11- 0n:j 


Slight flir!\‘rei)('? s- being due («) uK'lljod^ ef measuring 
crossing angles, etc*. 

ll is obvious that i'Xeii il* a sw’toli li)4)7' haig were 
available, it woulrl be t(»e short and that 17' woukl be a 
suitable length, bi tbi.*. e.M^^e • — 

F.- U 


b - 8x7-22 

= 'u-iiV 


K- 8-^xt)-()3 
--- 778' 


(.;7' 9"; 




Problem 6. To shew the results for various heel diver- 
gences. 

j JixAi'trLE. — Wliiil cliffoiviK*^' vail l>f inadf in the tiimoiit 
clhnenslons by increasing the heel diverirenct; ^roin 4^" to 
4J". Crossing 1 in 8. Switch 15'. (l‘\:=lj.) 

With 4r H (see Problem 5); — 

ll=r.7»' (.580') 

]. = , 57.76' (.57' 9") 

V.-.-HV' 
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With -t?" H;— , • • 

R = 8^ X O-OJt - 378' 1(980') 

L - 8 X 7-|ir. - 56-92' ^(V)-03’> 

'I’he (lilTt'ri'iico in thi- Radius is^so si IV-» only to Iw* 
« sJuAvn by oarn’inu: tih' rrswlis tr> bnt*thp difTi'mict' 

in *1 .ind sine ^lujirid he allowc'd for. 

• siNciLK (*4 M{VI-:i) main 

'riic noics n])c1n llir Prirudulo of J'a]uivali'nt Kudins in 
<diaph r XII 1 first ho (‘onMiltcd . 

Problem 7. Gi<en Radius of Main ^Rm) and N. • 

l'.\ \MPLi:.-- W'lial is ila' easiest II alins nf 1 iinu)nl, c-iirv^ 
fK. ) We aan ehlrln rr<^ni lln* iiisid,- if a !(> ('Aa.iiis (- (>(>()') 
jn.iin when tin* ll.dtesi erogsinir nnfy^ns# is 1 in 14. 

I St S X^ \ \ 

i n siu^T a case as 1 hi" w e i'M\ nsi^fHi I , of 1 ‘ stj as not* 
In cailsi' ll'.e len>:(ll,s nf f^witeh and Lead It) he ext'yssive 
H-.-l4.yii 
- i> r 

t 

•Jinl. J’ind Ivjiiivalenl. iladiiis (IL.). 

IL 

r- 1110 X y*2ri 
-- IHIO^ 


Oi'd. — l'’ruin^ l^quivaleiit lladiiis J’y.iles ; 

Rt - ( Rule \ 1 1 r.-5.) 

WnP"T rCn 

_iHio .<r>oo 

“000 + 1813 

- 

Problem 8. Given Rn, and Rt. 

Lxami’LE. — \Vliat is llxc* sliorlest Lead and le.ast 
Crossing No. La- a d’nrnoM (Ui a railway curves must 

riot 1)0 loss thai^ 400' Kajdhis and the shortest Switches aro 
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The shortcut Lcarl w.Wl occur when the main and turn- 
out arc botli Eadius juid of‘ coTitra flexure, so: — 


p _10<>x4W 
mVii-'iob 
= 200^ 

■ 'Fs =- '''kT 

= 1‘0-M4-14 


(Rulo XIIL— 1.) 
< 



;.707 ^ 

L - V Rey2'46. 
- 34 *78' 


- N - VH^.--3.00 
4-71 

For th(3 Versed siru'^ ■ — 

y for tihe factor (Vc) 

V for the main on the lead fVm)“' L“ H Um 

(From Hide IX.— 1.) 

" , . 34-78'^ -f (8x400; 

, rr-l2u0.0o-r;3200 

-87B-4JJ 


With contra flex. Y for t!ic turnout (Vt) Vc—Vm 

dude xni.— iO.) 

= d"-4i'' 

= 4r 


Prob. 9. Given L and Rm- 

J^iXAMria:. — Eequired particulars of a Furiu)ut 7o' in 
length including switclicd, in a main of 20 chains (-Fj20') 
'■Rad’^'S sindl.ar, flexunir . 

1st. — Assume S --- ] o'. 

Then L=-7.V-15'=(W. 

f/=L-:uS 
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This factor is intcrniediate to the .409 in the Table 

and so the 15' switch is switablo. 


He = 

-= 360(Jh-5-67 * 

oar)' 


Kt ■ Xlll.— 5.) 

Iil20-r4)3o = 


.N — L--7-17 -H-a7 

» • ~ 

For the Vrr?;».‘d sines: — * 

Vo for the Fiictijr ■ ' S V 


V^ii for the ijiain --- Ij'-^ i-BHui 

--- lUm-i- lOobO* 


4 ■:ni' U" 

Vi fur I lie f-ui noul ' •* Vm • 

(wiLli similar ilc‘\uro7 

- H'' 

- L' p,:" 


(From Kale . 


. Jlule Xflf.— li.) 


'rnixoi'T WITH straight rxj^’KoM' oP 

('KOSSlXd iTyi)(‘ Ic ) Fi<:. XV.-l.^ 

Prob. 10; Given R and Gap D. 

E?ami»lk. — 1) - -- 0''. H = 4~^'. S J ,V. 

]s[.— • ^ 

. 4- :vr 

2x1(1. — b\ = S-i-\/R 

• * (kSO. 


So V(* may use faclnrs in cvJiinins S aiul H. 'rablt-Plf^j^nd 
opposite th(» W of 3' 1\ but altered sli^^^’iily 1o allow'ior tlu> 
ditl'eren(.*e between -bSO and -Ot)?. 

X== V It-F, 

= %bS4<-21S 
-84)0 


291 



CflAl'l’KK XXIV. 

L,--vKxF, 

'■ ' - 21-84 X 2-184 

L-L, -f-(l)x Ni 
- I'T-Tn-}- (0"> S) 

Prob. 1^. Given N and Gap D. 

Kxamim.l - \ - 8. D- 0", S- IT)'. 

1st. — \V j - 7'' MS in lVol)l(Mn 10. 

‘2ih]. — MmIvc m iri.il wiili iMcliii ]', in culunm ,1. 
j-locaiiso N ' II I'\. 

^ II N > K., 

-- 8 • l>-7nl 

- 2i2-0:j 

^ ami R - 22 -O;!^ ■ 4^/ 

Now try v'hich oolnnin ol l.iclors really '-lioiiM ]>c‘ tak('ii: — 

‘ K, S-:- ' U 

15 -: 22-03 
-• -081 

Sn it will be neare).' io iab'e ci^liiinns 7 and 8. then ; — 

' ii 8x2-730 ' 

= 2J-88 

R - 21-88“ - 

Li - 2’ -88X2- 170 

- 47-48 ^ 

' -- Df'l’HM' LINK -Fi:.\(TI()X8. 

(Fig. XVl.-l.) 

Prob. 12. Given, Radius of main (Rm) and of Turnout (Rt). 

FjXAMViii-..--Rni 1079' (outer rpil). Et, 470' (outer rail). 
Similar flexure. Clear space between tracks G' 0". Widtli of 
rail beads 2'.i ^ 
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1st. — Oblilin E(iuivalent Radius (Bfe) 
Re -- 


1079 X 470 ^(R„lo xi^If - 4.) 


079-470 . I . ; 

33 (Oti oiucv' vail or L2iClis. 

— _ 1 ’ _ 1 : . r ■ _ _ \ 


211(1. - 


1079-470 

833^ 

on centre liiv^of jiniclion.) 

' U X ■ I ' 

' 833 5< -581 
10-78' 


To suit switches in slock vve will lake, 
S. - _ 18 ' 

3 r(l.-- - lUi' ^Miidin^^ factor 

F,. S : V R 
IH ; 28-80 


'I'his i"' a nftin -.liSl and -01)7 may u^c factors* 

lialf\'a\ l)ci\\i'cn lhfj-,c*m columns and and tlio^i- in 
coimmi^ 7 .nifl 8 

llli I’'(inii .1 lablc willi licjulin^f-- asTiidow to i’(‘Criv(‘* 

(lie (lim('nvi(,!ivi • • 






• 


• i 

l 

2 

3 

4 

fi 

ti • 

7 1 



• 

• 

1 

■ 

r ^ 

' 


V 

"fl 

Ji 

w 

t'.. . 

• 

.r 


■ \ )tVw-v V- 




1-^ 

/ 

Ti 1 

« 1 -H 


\ 







j 


; ft. ! 


i 


!• 

, 1 

N,1 

[ 1 4 I 

3*005 

; 28-83 : 

9-59 . (9i) 

12-10.1 

r.9-27 j;09-23)!. 




1 ^ ! 

• 1 

1 

• 

• • 1 

N. 

6 1 

3*540 

! 28-72 ] 

8-li (Bt) 1 

2-9.30 

; 84-32 (84-30) 

N:, 

10 9i 

1 

4-685 

' 28-77 

1 

G-14 .(0) 

4-O.BJ 

117-.50 (117-.50) 

N* 

! lofi 

i 

5-600 

• 

1 

' 28*72 

1 . 

IfiV.'l (5) 

5-000 •fl3-6U (l-]3-49)| 


! 



L* 


_ • ' 


1- 
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oth. — Obtain the W'sr: — 

. \V 0" (2 X 251) - 4.i" - (V 1" 

\\V-= \V I -h O' 0" + (2 X 23") - 10' OJ" ' 
■vV,.^W,44' 

From Tabic' -.bS lake (hV faclorM applyiii;^ to Those W's ond" 
|)liu;(' ill Old and (ith o« lunins*. I'Vorn K deduct the .J W’s 

and tak. s(|uare root, placing the results in thi' 4th column. 

• 

Divide the last by tne F«’s and multiply them by iho 
Ft’s placing the resulting crossing niiinbers ami the loads into 
thoir c(4unins. In the case of No marked * the Gauge as ^^ell 
as VW must he deducted from 11. 

?rob. 13. Given Angle of Diamond and Space; required 
the Radius obtainable. 

i'lxAMi’l.i'i.- -Sjiacc- (clear) 8'J)"; Diamond I in 8. 

1st.— W fur thi'^'diainond (\.): — 

.1' + ()"-4.(2x2r)-^^". 

’ ' tr " — 

2n(l. - ■ N - -v K- BVh-F„ 

'' K -'iW - Nxi’e 

R - -l-j W 

orrl.— Frinn Tiiblo IH fur a \V of 1*2' \io lind : — 

(i/) Wl'.'ii S--N\xlJ, F(, ==<")• IJo 
(h) ,, xlj. „ - .vu'l'J 

„(.) x2, .. -.vOrtl) 

r . 

41 Ii. — ^Multiply thes(‘ F,/s by 8, s(juan' the results, and 
add ^ \V~sa\ (V, and wt* oblain radii: — 

' ' (a) E^-1080' 

(h) 

(c) .,=^ U)G3' 

li the main is rvrvod these Kadh will bo the Equivalent 
Ihidii obtainable. , ^ 
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Prob. 14. Given lengt];i of Juriction. / 

FjXAMPLK — or I-onil from Iu-^m of Ijisl 

('vofisiiig r27'8()'. S['M('L' (iiiiijio liiiws) fV I.V SN\^t'h length 

l.V • . ’ ^ 

1st. — “ 15' 6” i 4 S ill Proh. l2 and, 

• L, -- ^ R^WxF, • 

i\\ - l; ^ F, 

^ R - (L4--F7)*4-i\V 

2nil. — Asmiiiiin^ \vc‘ ina\ from column 0: — ■ 

ir-(i-j7-:i(i-f--i-'.)r>si2 4 7'7:> 

= 2,') ()7(>^ ■ 7-7 ■) 

• - (ir>7 . 


-‘h'lL — Obtain an r' 

K, 


S . \ R 

r.;. 

••'.HI.* 


So wo ma\ Use I’’a(*t()r^ in oolmmi^ 5 and th 

'rin‘ j)i'o('o(]uri‘ \^ill lh<‘n l>o a*, in rr^,l • M* 1‘J 

* 

rf the F, wo ohLiincd had not conos]Kaidod4.u the K 7 wo 
lirst assnnied, wo. sluadd liavo liail lo voviso iho and woi k 
omI. tl*e radius afresh. This i?»tiirn would ^li^ddlv alltu- 1'’,. 

Prob. 15. Given Radius of^ Junction Curve^and Angle 
of Diamonds ; required the Space. 

ExAATlUii:*--Pvadiii.s of Main (Km), GO chains* ^ladius of 
Braneli (Ki). ‘20 chains. Similar flexure. Diannnd (N,,) 

1 in 8. * Koquirod tlio uecofsliry Space (SiO to i^ive those Kadii. 

1 st. — Find the J'h]iiivaK'-n1- IJadiu'^ (K^. of tin* two 
cijft-vc.8. . ^ M ^ • 

Re -*■= =- 30 Chs. - Ij^o; * (Rule 1.) 

2nd. F„ -- N,»-- R ' 

i.er 1%. ■ •^'ToHO \ H -- 5 -.702 
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3rd. — Assulning tint \v,ilJ he about IJ, look down 

culunjn,5 in TalAi" 48 and we find: — 

' « \Vhon.lo W-LVl)" 

anvlV „ =5-477 ,, --- 14' 9^' • 

V. ■ ■ ' ■ 

Deducting •128 isMiff. for 
‘ 5-5fi2 


- 5-477 • 

DilT. for • 6Hr> will of 84" 


oV' 


14’ yi" + 51 * 15' 3'' =- Wfot-5-5G2 

■ ■ S 


For the space (cF.’ar) ; — ' 

\V„ - 15' 3" 

. , Less \V, -■ 4' *4" 

.iml rail liQii'ls - 54” ■- 4' !)j" 

10' 5. 1" Si)!U'(' (tde.xr). (10' 5" by 
’’ (jtMicral Rules). 

DOFHLF. Tl’llXOr'l’S 

Prob. 16. To find “drstance “P.” . (Fig. XVII. 9.) 


• I'AXMIM.K 

1 

S- 12’ H - l.-)0' Yr 9". 

' Isl. 

1 

• ' \s . Y- JI 

T 


■Jnd. — 

• F' , H -1 ^ R , 

- 12 2 1-21 --•.5(50, 

' t 

S'l wc ina\ take 
^V of 4V'. ' 

the factor F, in exlninn (V iiiid opposite the 

3rd..-\ 

*1= \'R xl% ‘ • 

i,' 

- 21-21 X -43 = 9-12’ 

4t]i. — 

P-S-il'" 

> 12' 9-1 2' -21' 14 ". (21' 9") 


Prob. 17. Type 1, Fig. XYlI.-l, Oiven the jpartioulara 
of the two turnouts and the Width (w+H) between 
the'third crossiiig (Nj) and the main. 

Example. — fij-'lS' Ni=8 N 2-7 w=l'0" 11 = 44" 

-lat. — Ri,-'594' R 2 = 44*8'<. \ •Ry'i-ules for Single 

J Li = 56' 5" L 2 = 49' 9'; / turnouts. 
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SYSTEM OF. FACTORS. 

‘2licl \\\ - G - *2J I T W • 0 

=^4' 84" -9"-1' ().y2J^" 

3rcl. — Find rm , ^ 

Ft-SVNi 

-12-1-8 = 1^ 

• * 

•So for 11 , wo irtay take lh« factors in*(5oluD?ii f^and opposite 
Ui<*W of 2' llj*. 

n*=‘v'R-F„ 

• =24;t74 2-55 

=^950 • 

4th. Find ii# 

F, - S - N, 

F, -12 - 7=^ 

So wc may use column 5 wilti W of I' O'. 


(Rule xri;— 24.)* 

=- 0 --~ di ^ 13-5 7 
■ O SG d- 13-57 
-5 GG • 

6 th. Fin(^*L 3 tor \v = i' 0 " 

Ls = ^ Ea X Ft (when F i =^ 4 ) 

= 21-17 X -90 •*. 

= 19-05' = 19' 1" (sav), 

— 

7tl* Find L 4 for w t = 2 ' 1 1 V' 

L 4 = R* X Ft i^when Fi = 14^ 

= 24-37 X 1-787 * * 

= 43-55'= 43' 61" 

8lh. — As the switches arc t-qual 

P^Sv.-L, 


Da ■■■■ ' Jv.j Ij rg 

-3i 17 : f-r)G 

-■ UfCu' 


6th. 


N3=2 


X n„ 


n, -t na 
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CIIAI’TEnXXIV. 

Prob. 18. Typk Fig. XYII.-6.r Given particulars of 
■fllTBt turn^t. To find L4, i.e„ the situation of 
% crossings Ny and .N3 so that they lie opposite each 
^)ther. ' 

Hxample'^Kj' ■ Ky,. S VJ , 

— X.j <111(1 N., will 111' at. till' plac(' wluh'i; tlic lurnqut ‘ 
ili\('i'f'i'(l from tilt' nijiin ‘U> llio extent of the Range, 
tlicrofort^' — * 

W, -2 (I - 11 
1 )^' 

2n(l. — 1\: V K 

-oaH. 

Wo iii.iN lliorofoiv tijkc 1’, ii little lesm than that iii column 
hoadotl K5 ==',')81 and with iS^". 

• 3rd.— If*,- ' J?-Vwx3-64 

= t^457^5'x3-64 
' =- 21-39x3-64i 
= 77 -86 ' 

‘ THEEE VHROWS. 

Prob. 19. Type 1, Fig*. XVIJI.-2. Giveh the particulars 
of turnouts, which are alike ; required the 3rd 
crossing (N^). 

• C. “ , • * 

Example. — Loii^or switdi- 1;V. N^aiid Na-= 8. 

1st. — Tin? iJrd crossing will fti! in ci-ntre of ftnir foot and 
it^ W will ihovfforo bo: — 

\V,-" 4' 

2ud. — By rules for single turnout: — 

K.--- :)8(Va 

' 3rd.— ' F, -15^8 . 

= 1J. 
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_ _ Sys=lTEM OF’ FACTORS-. 

Wo iJJcAy tlioroforo uso f^ictors which* nro if im‘an bolwoon 
those headed and 2 and opposite \V of/' Ilf". # . 

4fch. — n--= K-^F,f 

• = 24-08 2 08 , 

,= lir)B. . 

•'•Wii— Na---o-:-2 

*--5-70 <»r 1 iu • 

• ■ *— 

6tli.— L3 =^\RxF7* 

=:i4-()Bx l-47() 

— 3r)-,"t4 or 8;')' 

(’ROSSOVKR ROADS. 

Thr case in whicli I'.u-lc-rs i»ia\ hr applied is whore the 
curve of lh(' jirsl (union# (-xleii^ls to crossing’ of the 
second turnout XJN. 4)). This case can be dealt witli 

as iu obtaining thi- second erosf^ing inji^louble lin(‘ junction* 

The W will l)e and instead of v R 

^/R-(^•~4 W must bi- tRkeii. * 

^ 9f 

SCISSORS CROSStn' IIRS. 

(Fig. XXJ. -b, 2 and r‘b) • 

Consideri^jg t4ie diagrams and witli the aid of lh(' 
preceding cxarnpff's it will be seen that much %iformation 
may be obtained by tbe use of factors. 

• 

It will be^iR'ce-^sary, however, •!«) have th-®’\V as a 
predott'rrnined dimension, a case which usu^-Hy obtains in 
practice.' 
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^CHAPTE]^ XXV. 


H0Jj:T10K*0n’R()ni.K]MS BY DBAWINC. TO 


Tlv rm'th(nl of solving ])i-oblf‘ins- in |M)inls :iiul (.'rust.iiigs 
l)\ (Irawin^^ lo scale' in many case's pri»scnt,s advaritaojc's ena'r' 
that- of e*alcnlalion. * 

* n 

'I’iic elu’e.‘('ti(jiis for dniwing the \'orli. e)n pa | )(.'!■ ap'ply 
largi'iy to lln' Method of Lining Out Oti tlu- 'frejund if wc 
allow for the' faid that. insU'acl of line's being drawn with i\ 
pe-ncil, *tli(‘y JO’c' re'])re'senU‘d by strings bolel in place- b\ iron 
^pins rcse-nibling .'^iirve^vors’ “arrows"; aiiej tluit in pJaco 
of the use' ot curved riders, the; strings have* to be confornn'd 
tfj tile curves l>v ei‘niple)ying method eif "quartering" 
(sc'e' (’hapte'r VI.). 


Instruments, eto. 

The* e'sscaitial ivepiiri'nu'uts will ])o; — 

* • « I 

I A fairly larj* * llat table,*. 

Drawkig papc'r, this may be one of the cheaper kinds 
such as that kuowai as cartridge i^ap(*r. 

Tracing paper, this is \ise'ful when it is dc'sire^d to tit 
some' given arrangement to fall in with, certain fixed lines 
on the* elr^vwing. * » 

A well-sharpened, ratlu'r hard pencil. 

OTl^■^)r two set s(}\iares, prefe'rably of di'lluloid. 

A straight-edge, preh'rably cif .steel and not less than 
d fe'e*t h)ng. * * 

Scale rules: — firstly, for taking dinuaisions from the; 
^mall S 4 ialc “ scht'me plans. Secondly, for preparing* the: 
Itifgrscale detaii drawings. i 

A useful scale rule applying to scheme plans in ordinary 
use. may cejntain scales of 40, 66, 41 -66, and 208*38 feet to 
an inch. • 

^ An ordinarj/f " universal " sl*ale containing scales of 
^ inch, i inch, ^ inch, etc., to *1 ^footj.inffy serve for the 
detail plans.* A specially'* made scale rule, however, will 
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^ ■ DHAWIXO *rb SCALE. 

prove more useful, and iJL is suggV’sted Ihal^this bo jnade at 
least a Jitib' over llie usual Tiins. in'A-nijjth. sev that it 
contains 100 fiH't at 8 feet to an inc|. It sli^jiifd also 
contain JO fi'd to tlie ileh seal*', as fliis is a cf>n- 

venient sc.-iU* for tin' [)ur])oso. . ^ 


It. 

is an 

ad\aniag(# for tin* 8 

[•and 114 1 

I'l 1 -M.'; 

airs til 

hr • 

fiiilv (li\ idl'd 

l•\er\ *J. 

inelu'-^. 

aTid tli^ 

iMmcr 

scalr-. 

:il 


nch. 


• 


• 



A 

set of 

eni vcd i;iiier 

s. 





bbudi nil 

rr is iflarkei] 

1 with ji 

i nnmber 

repre'^i 

•nling 1 

Lhr. 

actual 

rafliu^ 

; in inches 

with w 

fiich th(‘ 

( iirve 

lias 1)1 

'en 

struck. 


• 







> find 

llie NimiOi'f 

'j| the 

Iiuirr li: 

11 -.C !( 

•r .1 gi\ 

,<■11 

K..dins 

of enj 

■\e,on llu pi. 

111 — 





\l\ 

ib-r Ni 

» U.-idim- 

mI' (*nr\ 

r in fi '-t 

: b 

1 p**r inch* 

')f 1 lie 

'.I'ldr ( ' 

1 the plan 



• 



( '< 1 

inverse 

l\ K.idin- III l(■l•t 

• • 

!i \ 0 

« Sf-a! 

1 - of pi, 

.III. 

T;. 

1)1.' Id 

i gi\i's the 1 

N’( 

b.a’ Min'iii''. 

,e..lr. ; 

Hid 

I':idii 



• 




• 

It 

will 1) 

r lound liiat 

cnrN (‘d 

I'lni'l’s nf 

slu'et 

nirtal 

an- 


ili(' ninsi satislaclor_\ , hocaiisc llu* riil'Ts (jl llaUe)^ 

Nf‘(‘in to Im‘ out inonk exactly, and to^j-olain t 4 irir .‘i^-enracy 
ifotter. Iban tuKts of other inaterials •I'ln* boxes u^iial^ 
''U])plied have a shortage of the’ very lUf. laile^s jieeessary 
lor lai’eri* scale i)!ans. 

'ITiere are olluT inslrunuTnts, which Ihun^di not aljso- 
hiiely nt'o(‘SNju-y, #\i!l ju'ovt* useful, sucfi as a Iar^(‘ j»air of 
conjpasses, a siJlall pair of •‘spring bow" c^npasses, a 
parallel ruler, a ruling pen, etc. Indian ink should be ust‘d 
for " inking in i’ J;hi' ]jhm. , • 


The question as to which ^ge of the rail should be used in 
•drawing and oalculation. 

■ The lines on a drawiiyt; may ijternalivrly he# m ade. k) 
represent 

1. 'riie inside ('dges or gaugi? lines of ilie rails. 

2. Th(‘ outside edges of the rails. 

Lines outside o]^ the gauge liiu's^ by oiK'-lialf the *" 

thieknoss of crossing nose* * * 

• • • 

L Tile Centro of tlie rails. • f 
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CHAl’TKU XXV. 


• No. 1 is thV mutliod 'strongly ,r('COTinii(‘i.uli'(l, its advan- 
tages, being thatV— 

, (i^Practicyly aU publis|ied tables apply to gauge 

Tke gaiige linos are tlie critical edg(‘S of tli(‘ rails 
and are tlu* lin^fs in contact with (he wheel flanges. 

(c) TIr' gauge is constant, *regardless of the wicltb of' 
th(‘ rail head. ^ ' 

(f!) The position of tlu* en<ls cff ciossing legs is i‘asily 
defined. , * 

(e) In niaii\ casi's, such as in that of a erossuver 
rcKul, it is desirablt* that the turnout eiirvc' should ca'ase 
at the crossing nose, and th(' Irgs be laid straight. This 
will be (piite in onh'r when the insi(h* calges of the rails are 
psed in calculation by tlie (ieu(‘ral PaiK‘s. In the case of 
the outsid^' c'dges bidng used, liowevcn-, th(‘ curve must 
b(' assumed tn extt'ud to llie inbn’sVction of oiilsidc (alges 
and a wider a^igl • of ^4'’Ossing|.w ill be arrhaal at. unless 
specie.! rules are eiiipioy'ed. ^ 


No. 2 may be ctninied to'bavo th(‘ tulvant.ige^ dli.at : — 

{(f) CUairances to structured and spae(‘s betw(‘en 
roads are usualh measured from outside ('dge of rails. 

(6) Tbe intersection oi the mitsiiie I'liges at lla* 
crossing ^is a p/;int wliich uiev actually lx* t.ei>n on Uk' 
ground. 

((’) The outside ('dgo dot's not becf»nie worn by wbetd 
flanges. 

No. 3 is occasionally \i».ed, tlu* (^bjttci being that Uie 
interse.cticm of the lines will show the actual noses of tta* 
crossings, 

• ^ * * * 

No. i is common for small scale general iplans and 

surveys, the lini'S being plottt*^! 5 fet't apart; t-lie, crossing 
[)f)iiits occur where the spliced Jiart is the same width as the 
rail. 

I 

Tfi.-Er AIEASUHING ’.ANJ) l)RA\VlNa OF .KXISTINCJ 
TRAGKWOKK. 


Those not trained in Surveying may find a first diffi- 
culty in laying down oii papdr the position of existing worl^ 
^liich will afTi‘c4#thc new. Whilst not proposing to dt'al 
with the subject of Surveying, fi^'fj.wv nrdi'Ht will show how 
by the use ot nothing inofe than a string and tape, a not 




» DRAWING to' scale. 

very extensive or cotnplicated lay-out,* iiuiy Be jiieasured up 
so it be plotii'd*uu paper. 



Example 1. — To survey two curved Main Lines containing 
Points and Crossings. (Fi*; X\V. — 1.) 

1 Stretch a striie.^ t(; .let as a survey hiu- .[li • 

ahaieside llie rail and J(»ni‘ ••iuiUl:}i Io (‘n\er llie new work^ 

'2. Startin^f at point .1 inaL- ina^’lvs^ /), l\. ete at 

ren'ulai' intervals aloni: ii.^ rail {ui tli(‘ ('X.nn[)]e at every 
2a teet). At tlii* same tinu'fiote tlu* position of st)ni(‘ orij^iu 
ha- rneasifftri" np tin* pra'nis and erc>s«n^'s later, sucli a*? 
tile \u(‘ ol points at (' • 

• 

d, .M(‘asniv tile s^piare olTsets 1, g, Ih ‘d#,, from the 
snr\ey liiU' t(j the rail, notinj^^ these un st'ski'lcli whiidi ii 
best njade as (lie work pnu'c'eds The# k'ast •<lirnei)sioji 
hei wet'll 41 mark and tlie survey liiu* v ill l)e the' correct 
oll^t't i^i «-aeh ease • • 

I If tht'^twt# manis are parallt'l, nott* the Space 
helweeri them, iftiot, ineasiire^tlie Space oppos^^e Kj eacli 
offset mark,, W'e -hall then have siiflicient information to 
la\ down the Tunes tai papi r. , 

o. ro “ pick up ” the Points and Frtjssi^^a, sl.art at 
the poinf C and nu ayure t^kt% swatch (a), tlie skeAV h'ad (6), 
the ski^v distanci* from crossing to crossing, (c) ihe diamond 
side;^ (d and c), and the dimensions*/, (/, and /?. Jf working 
to gauge hues, tin' blunt iK)Se of •thiJ cyjssings 
measmvti ttf and the fact noted on the plan. * 

The dimensions to the obtuse crossing must he iaki'ii 

at the Centre of thi* elbow b(aid. 

• 

(). To obtain the direction of the hr^ipcli line beyond 
the crossings, t^ie dimensiions /, A*, /, /a, «, and p may bS 
taken, along with a few' spaces ludween the bnanch lines. 
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CHAPTER. XXV. 


7. Objects C'djaccni to the track nuly be “tied*' by 

taking dimension^, from two knotvm points or lines, for 
instance* a post /*\»s shown tied to the marks at A and D. 
The. Signed Box mVv be /ixed byf the ineaurements q, r, s, 
and ^ V ‘ • 

8. Measi^'c liu* X'rrsc^’d sines of tlu; turnouts. 

9. 1’ako the ^^•)()siti(in of certain existing^ rail joints so 

that umieeessfiry rail-cutting inay 'I k* avoided. , , 

■ 

To plot ti*ie work on paper: — 

■ 

1. Draw the straight dine A B. 

2. Mark two small lines one at 20 'feet from A. the 
other at the haigth of IIk' first offstd, fnim the survey line ; 
their intersection will he tin* point D. 

[ Mar!\ oft' E in tlu sVune manner at its rfistance from ]j, 
and’ prdcei'fl thus until all the ]H)ints on the rail have been 
TfiOtted. • t 

B. Join up tlK‘ jniuts #\ith ei^»‘vt‘d nilrrs 

4. Draw the other rail to gJMge. 

5. Draw thi' second road al the mt‘asm*(‘d spaces apart 
from the first. 

6. *Tlie jiiisilions ^uf the points aial crossings may then 
be marked off, andHlhe branch lines drawn through them. 

7. Ijocate tlu» points fixed by tii‘s, with a pair of 

compasses. For instance, the intc'rsection of the arc*; struck 
from centres A and 1) and wath radii .1 F and D F, w ill give 
point F. • ^ 

8. Ink in all th(‘ lines,* and the plun ‘is ready for 
receiving tm; new work. 

‘ 

THE DRAWING OF Nh]W TRACKWORK. 

The drawing of a curve. * * 

This may be accomplished upon tlu* liiu*s sbowm in 
Chapters^pVJ." and VTI. After ^fixing a cc'rtairi numbi‘r'of 
poitftS’^on the cuVve. tHey may be joined by Jlu* correct 
curved ruler for the radius. 

The drawing of an angle. ^ 

" This Is descrij)ed in Chapter V,* It may b(‘ pointed out 
tlfat the proloiigatit)n of short linea should not be depended 
upon. i 4 ' 
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. pUAWINO Tt) SCALE. 

Example 2. — To shake a drawing of Doubte Line Junctiop, 
the following dlihenslons being ^ven:— M^n lines 
straight. Clear spap between mans 6ft. Raflius of 
Branch on centre lii|6 12 chains. JSwltoh^^Sft. vdth 
4Jin. heel divergence. (Fig. 2,)^ ^ 



Ist'. — Draw 1h4' lini' .1 Ji lo rc'prc'Sfni the Inwi-r miiin 
lino rjiil, next tlic linos G J, 7v D, and MS parMllol to A P>, 
ai tlic correct rlistiincc's apart to ro|)r('sont the other main, 
line rails. , ^ • 


•Jnd — (’Ijoose a point (' for (lie i(^e of ihe^witcli. Froiii^ 
C mark off a distance* (' P sav ten tinit^s tl„* sv\itch length, 
or loO feet. iMark off - ten •times* thT* heed divi‘rgence. 
i.c., 10 X 4iiris. - dft. Oins. • 'Mui line drawn from P llirongli 
Q will he^n accurate ])roloiig«ltiou of ijjit* switch, and ther«*- 
for(‘ a langi'Tit from wliich th(‘ curv? rna_\ bi' set, springing 
from thr switch lu'id D. . . 


;h'd.“-'IV) lav down the ourvt* of IIk* oiitiTr rail? which 
will be :--792ft.'-f J BOOft ifadius; calciilate#a 

Versed siiio (V) for a Snb-cliord (t\), I'slinialirtg thr hitUn- 
to bo long enough to incdiuJe the whole junction. sa\ loOft. 
• ’ (Rule CO.) 

= 22r)0()-^ ItiOO 


Making Cg — loOft., and^ Z? F=-V- 1-j^- ttlin'^., 

measured square to (' Q, wa* may by two or tlir* TTrials find 
point •• 

Draw^ till* chord line Df\ bisect it at T and make T U = 

V =- i V . , 

• Obtain the points Tl’ and X by joining T' to D and ^ 
and making Vj^ — -f Join the poftits ]),•]] , f;, r 

by the correct curve ruler for the scale. The other rail of 
the branch may then be put in to gauge as shf)wn by the 
dotted line. ^ 

4th. Mark the intexsee.tions of the branch line wdth the 

mains, these wdll he tUe line points St* the crossings -if 
w^orking to gauge lines.® 
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CTIAPTER XXV. 


. 'I’lir leads aS'ld nnv dlstancos desired, mav then be 
scaled. , ‘ \ V ■ ‘ * 

5th*’.— ^-'ro tind ijie crossing angles, draw tangents (sed 
(■halter VV^ to tlielbrandli line cfnrve at (‘acli crossing as 
shown h‘ne dol.t^fl lines. Seale the crossing angles 
between t ln*st‘''t ailments aijd the inain, using a scalt* twice 
nr ftan- times tluyscal(\ol‘ the jjlaii! If the mains wa*n‘ 
ciirxed, it wniikl he necessary to als\) dr.iw tangents to tlieyi 
jU the crossings. The crossinft angle would then be ' the, 
angle bet'^een the fwo tangi'iits. ^ 

Example 2. — To draw a turnout with a given Lead and 
Switch. (l’ig.\\V_;{) 


Fic. xxy-3. 

c 












\M 





1st. — Draw tlie t wet lines AB a^d CJ at 4ft. 
a])!irt. ('boose a point bir tia* switch toe and mark off 
tlie crossing iv>int B tin* distance', ,.ljr*a(] phis Switch, 
frenn (\ 

‘Jnrl: — Ki;om (' iiiark off a distance' CP. sa_v four time's 
Ihi' switi'h le'iigih. Mark (‘ff P e'tpial to four linje^s tlio 
liee-l rli\ e'rgence, .ikd draw' the' ^iwiLch line' ('Q. , 


‘h'd. — Jeiiii I) E and at iis Idse-clion 7', draw TV square 
uj D K and cutting V Q at (J. l>vaw the linear E F. 

'i’he ang^' F EJ '\ill be* the t'rossing angle. 

'riic Vv^si'd siiK' wiik be' half T IE 'I'he^ redius will be', 
I) E r^(|U?ire*d divided by twice M E. 


Example 3. — To draw a tumoirt 'with a given Angle of 
Crossing and Switch. (Fig. XXV.— 8.) • 

, 1st. — ^i)raw’ the? main line's and the sw'itedi line C Q jrs 
befe»i*e!!^ • ^ ^ 

‘Jnd. — On a piece- of tracing ])ape‘r draw two lines IF N 
anil KL crossing each other at the ciwsing angle. 

^ 3rd. — Place the tracing •papr'r over the drawing, 

kee'Diiig line IV N cyvline (i J , and nin e it le-ngthwise until 
the'*line K E fj cuts the- line (' Q at h jpoinfc//,^ so that D U 
w equal to IJ E. % 'llu- point of^the* ero.ssing wall ihe-iii be? at /i\ 



.DliAWIXG TO SCALK. 


Example 4.— To draw tumoul from a curved main line, 
with a given switch. (Fig. XX^— 4.) • , 



Tfiis may l)('^(]on(‘ ()y r'jilciilating a Vcrsnl siin- on a 
chord loTig (‘nougli In covor the turnniit. aiul “ (luartrring " ; 
sec C'hapter VI. 

• • 

Mark llie toe C and the lari D of the switch. • • 

Draw a tangent* .A/ to tla- niaiti Inuefiing it at pcant 
K 0[)pnsite to tin' s\\ itel^ la-el. •Frojii# p(*iril .W ()f)poslie tile 
switch Inc, mark off M F^'^a\ six tinn's the switch h‘nglh 
and niaji^ P () six tina-s tla* heel clivcrgciici-. A liiu' 
will he a tangiait t<‘ the switch a^ its liecl. 'I'lie turnout 
curve may tluai he firawji a.', shewn pi-cNimisly, siiringing 
fruin this tangaait at the swileli laa i . 

Tla', last example is of a tunaail of^siniilar ih'Xiirc' ; Wie 
proc('dur(' will he the *^anu* with a liinnTui nf i^aitra tlexuri' 
in the ?ase wla-n il is (|(*lerniined that the side- or slock rail 
must* follow’ the m:rin line cifl've, a standard straight, switjili 
being curved to^il against il. This is*ol>jectinnal)le, but it 
will not h(' rfilhciult to make' t4ie drawing in kei'^iing with one 
of tlie rnetliods of avtnding the revtTse curve iJa'iitioiied in 
Chapter XI. ^ 
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RKFERKXCE LIST. 


ui^li 


RElFERENCE ^IST. 


BOOKS. 

Tlie lia^uf books ii^ludes the works recent publication dealing with 
or Ifcaring ii^n PcrmGwent W^y Engin<| 2 ring. Some of th^ old(‘r works 
arc iiicllulcdaiid also .A number of the leading American works, these 
latter being mai4ced with an asterisk. * 

Space does not aHow of th^ list being t«xhaustive, and it is possible 
tliat works of value HUve bedti unintentionally omitted.* , 

RAILWAYS AND ( IVIL KNQlNKFiRTNG IN GKNKRAL.* - 


\l IIKil^ 

Umogp, .1 A 

Ihi.lloy, !■:. S. 
jJnil, I.. 111)!). 

.ii'.'J Ti.uit 

- • 

Milis \V. «I 
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■ 
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l’<u'k(‘l* THHik *liii ri\i# Ai 

r.u^iia CIS. 


Prm.Tsiim 

(i.i/cKo. 


('ri)'*b.\ , Liu kwOniJ. 

I 

Siuill. 


\tU(Mi-aii (.nil f'iuk'*L Cluipm.iii Jh Jl. 

UooK • ! 


H.nikiiu' 

ILi.vniond, iL. 


Scllctt, w. ir 

Trautwiiip .. . 

Vprntin-ITarcourt. 

t « 

WcIjI), w. £. 
AVcJIiMfclon . . . . 


Manual nl ItrniiiiiuciuL U f'lat -j 
lid', I 

• I 

Ma^ilcnamc i.f Ma:, ICiWN'in' 
p.'iilia 

Miiilci'ii Kiiilwav ANoiImIik . 

V»Mnnual uf i'lvil J 

■ LIcm* iiLsof Railroad Unffiiu'cniiff 

Tlaih\ii.\ 'ic.nr .. j 

Uonikcc TrciMise nn (’i\i! ICnRi- 
ra'ciiiij!:, \ol. 2 . S(v 1 ion t' 
UAiIwa.v- 

‘Railway Mainlciiam-o L’liffiTiror- 

Tidl EnKuiocM'.s l*fckct llouk | 

(■ivil EiiRinrerm}? Applird lo] 
t'oiistvuct^on. , 

'Kailruad L'uiistrucliiui 

"Tlie Economic Theory of thei 
Loration of Railways. ! 


APU'iicaii Uly. Liitiiuecr- 
ill^r VsM.uainui 

SiiutnoM'K-biiaidinaii. 


Rrcsii.ini 

CllUlM. , 

Chapman, Hail 

* • 

Uai'\uiy IbjhlishiMfr Co. 

Thoma^-on, C. E., College 
l*n‘ss, Koorkre. 

« « 

Con.'^laiilc. 


Chapman. Hall. 
l.Diigmaris 


I'hapman, Rail, 
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('oiu 111’. (’. 

4 '1 WiiikiiiiA >‘l lt.!i!v..i\> 

T Vol 1 l>i niMii-nl Wii?. 

Dill. Ml. 

Cuc’iiot . . , . 

Di-loi ni<il iciK 1 r lt.iil:>M>l Ti.m I 

• 

It.'.lna,'. 1 ih 

Holt, l{. \i 

'f'lairiMMv I •;!( 1. (‘nil !mii 'Inii ,Mi 

^l,( MU’ 1’. ’i ^ , 

• • 

'll.HIl’t.i- W.mM 

0 

Jones, T. \\. 

i Till’ rcnii.iiM’n^ U .i\ pill Ivi l liciik 

1 li.<t ki 1 

PerroM & lipdgor 

' Pin' 1*1.0 lii’i’ lit liT.iilw.ix Sllr\c^- 

loyr Mii-I l*ri 11). Mil-lit 

Viii'.ld 

Rrni’li, W. P. 

.Mid Ti.iik 

.Slinillnll'l^ 111 ii vl'OMil 

S. S. 

“'1 1 ’iiclv* rurniiil.r .Mill Tiihlcs • 

( llitplfl.lp, ll.lfl, 

s 

Tint HIM It .. . 

. i'RmiIu.i.v Ti.uk Mild Tr.'ii-k Mmk 

( '(»l|s|,ll||c. 

^ 

M ilJiinl 

• 

. . ' MainK-iiaiii’f 'd NN.iy and .^nin- 
i liiri--' 

Md.raw llili. 

Wilson* 

, . L'li’niciu.s nf Kailinad Ti.irk Con- 
1 .slriufinii • 

! • 

' c.'i-iriiii.in, n.iM. 

— 

, ■ Clic Hallway bigiitl and IVrriiji- 
j niMit FaitriiKTr’s Porkcl nunk 

Lik'ii. l^^ililistii'n: ('ll 

— 

. 1 Quest ion.-? ;uhI '\us^\•»rs dii li.ul- 
• • wa.\ IVi-piani’iit \Va.\ • 

; 
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• 1 

KKFEKENCE LIST. 


BOOKS (cowtiJilwrf)— S^TJlirEYINO AND SETTING ODT 


% \ 



\ t 

IMIIIISHER. 

limod un^t Jlitsuior 

' % 

\ ^ 

'The riinriplcs and Viadiee of 
Surveying. * 

1 

I'haimian, Hall. 

Jl.llJlMl 

Sett^jf Out juf Tiihf Jlailttiiy.'^'. | Sjioii 

llilisto .. . ' 

hala, Railway I'urvos. Ac/ 

.. 

lU'Rin aiul >\:ilson 

Uniluay lJn^^^ru‘cr■s Field Rook. 


A. .. 

Field Manual 

1 I'll man. 

.. 

Truu'iilion Spifal and Ilf* liilro- 
diidion to Railway (‘ur\o'!. 

Constable. 

• 

Johii'iiiii, T. n. 

"Thcor.v and Fraclice of Survej inpr 

1 liapmaii. Hall. 

K<‘nr.eJ> ami 

Setlin^? Out Curves fur Railways, 

Spoil. 

. llacKWoocl^ 

6 Cliain.s^lo 3 Miles ladiiis. 


>li(.liJU:».n*:nul ' A Troatiso on Snrv'ojinc: (2 Volt.) 

y ^'li.iiiwii U 


Ua>rno?id 

"Railroad Field Oeomelc;v . . 

Chapman, Hall 

1 

Railn.aJ Field Manual • 


S( Ml ll-s illlj IVPS . . 

‘Field Fiiwnicerinpr .. .. .. 


«• 

^ * 


Shiiiik 

Tlic Fienl Lnurlueer 

1 C'on‘-tabh‘. 

Sj(«jul, lA . 

IlandhtMikuii Railwas .Siir\eyinH: 

• .‘^pi-ii. 


, Field Fftidii-e of l.aMncf OiiU 

! Cliapin.d! Hall 
i 

■ 

• 

! Cweiilar Cur\e'.. 

Wliilelaw .. •. 

Sui\«#,s iiijc a.s FiaeliM'd b\ Ci\il ’* ('n“'l).v, [.ocKwood. 
Kiifrineeis and Surveyors. i 

1 • 

Millinni«oii . .. 

Tables for Self iiik fOiit Cuni- 
20u lo 4,000 Metres Radius 

■ Spoil. , 

i ■ 
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• llEl''EHK>^rB I.rsT. 

BOOKS (co»t'<iMtwd)~MATIIElIATICAL tABLES. . 

1*1 KlVIJEIl. 

Btn lovv’^s lablos oi Siiuarcs, Cubes kools. and KeciproAls of • 

Xiinibors 1 lo 10 , 00 U .... f ^ f.... S[^n. 

ChunilMTs^ M^lJicinatu «il T.i})li's. Aininilhni', Tn;<tiJf)UU‘i 1 1- M » 



PKlilODlCAtiS. 


Un wbiclj frequent articles upon Permanent Wnv appear.) 

Tin k.iii'\.i\ Kiiunn'cr .Mdiitlilx ^3. Pol hill Si. Lmidini. '■ 

Tin- ICiilwi* C.i/cin^ Mei-kl.s Minn 

*Kjii!i\.i\ ■q.niili'ii.iiut llim'inn i‘ M 'hu .l■*l.^. KiPMif .m i )ificc. ’^irnmoiiflP-l’xMnJmiin* 
MuIdKliiiifr ('ll., 34. \ ii'liin.i Si J.i-ndoii ^ ' 


INSTITUTIONS, ASSOCIATIONS, KTC. 

(Who-jo Reports, JouPnola, etc., include mT.ttg'B nppertainiiig to ^ 
Permanent Way.) • 

# ^ * 

Ilfi.irJ .ii Ti.nlr, ' Ueporl.s pnnfrd by II.. M SfafKiiicr.v OlTiiC. See 

iM.njbli.v Ilf 'ri.iiisiHiri, r llieir r.it.iloRuc 


lull ' II iluui.i! Kiiilvva.v 

^ him. 

Brilii'h iCiiii^inceriij^ SAaiidnrJs 

' \'^MK'iaiiiiii. 


Ui-porl.>'*:nul Mniilblv kiillrl iii--, pulilislietl by 
(il. .Siiiilli .St., J.ondoii, v W.l. 

Kepoii'l^ (’te . nbiainuhle Iriua Si uel.iry, jMj 
Viiloria SI . Lomliiii, S.VV.l.^^ 


luhlitulion of Civil lijiuHieers . 

• • 

Permanent Way ln.‘«titulion 




Minubs of Proei edinif'! i^'iiied m Meiubcr^ niily 

Journal i.''biicd IJinic anniiall.' ib un 

educational insliinhoii for In peitor.s and all 
fiiiiplo.Ai’d in JirigineiTinpr Sreretar.v, 

• ?*. 11. McLevvin, 6, ildilli Koad, l''avor‘diaui, 
Kent. 


Ani'^inun Krnlway Engineering 
X^MK'intioa. 

liuliiiii Railway Board .. - 


.Manual and Keport.s obliimahle from Seerelary, 
(^lieago. 111., T'.S..'V. 0 • 

• • 

Technieal Papers oblain.ible from Supbrintciident 
of Cbnenirnent J‘niiting, (lulriitfa, or P. S. 
Kiiiff, London. 


Trarnwa.v-i and Light Flaihvay.s 
Association. 


.Tournal puMi.<^]ied iiioiillily by The \o.':o(-i:iliim. 
Ca.ftim lloudc, Westmuister. Piiie 1/-. 
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TABLE l.| 


‘ t 

TABLE i. 

. * 

(. 


Vkights.and measures. 

LINKAR AND SURVEYING MK.ASURE. 


* I'litsil sj'S 

g .s 1 <U ' eB O \ ^ 
£ (J 1 t-H 1 >1 Cb 1 O 

1 I I 1 Metres. 

pci 1 o I 

! 1 ■ 

1 fncli j 

1 I-ink ... - 7-92' ... ! ... ! ... ! ] 

, 1 Foot ... 121-5ir)i ... i ... i ... ■ ... i 

• 1 i’fHcl 36 ... , 3 , ... : ... : ... i 

J Polo ... ==^ .... i ... i 16^ 5i ... j ... 1 

1 Chiiin... --■792 100 1 66, 22 4' .*.. j 

1 Furlong .*. | 6(K) 220' ,10: JO 

1 Mile ... --- ...: ... l52H0'176(J320! SO: 

! 1 . 1 I 



; 2*54 ... 

... 20*12 ... 

.... ... ; *3048 
...‘ ... : *9144 

!...! ... i 5*029 
j ... i ... i 20*116 
... 201*16 
: 8 ’ ... 1009*31 


Olio Eiithoiii •= G b’bot. 


• • 

«S(.!r Ami MEAHtTRE, 


Scj.inH. 

Sq. ft. 

Sq. yards. 

Sq. pols. Roods. 

i 

Acres. 

• 

■ 

1 Sq. foot ^ I'll 

1 „ yarcU..---i ... 


• 

• i. 

• ' 


9 


... 

. . . 

1 „ po]«l... --j ... 

272 i 

" 30 i 

...* t ... 


IRood ...-I ... 

• - . 

1210 

40 ! ... 

1 • • • 

1 Acre . . . “ ; ... 

1 Sq. mile ... -j ... 

% 

... 

160 i 4 

. o 

* 


• • 

1 Sq. iiicli " 6*451 Sq. cent i metres. • 


1 ,, foot ■“ -0929 „ metres. 
1 ,, yard “ -8361* ,, meiies. 
10 „ clSiiiis "■ 1 Acre. • 







w 

I . ‘ • ’ TAJJLE'l. 

I ; •" t 

T'AWLE 1 (continiic(i)~C\miC MEASURE. 


! 

1 Cubic ils. jCabuvfeet. 

• A 

# 

f iC/l)ic nie|jj:eB. 

• 

0 

1 Cubic foot = ' U28 i 

\ -028:3 

1 ,, yard* " I .... ‘27* • 

' •71)45 


J Cubkj ft. - 6-2355 Gallons. 


ANCUTLAK meabvre. 

60 Seconds !60") " I IVlinntc. 
t)0 ]\rfnu(os (60') - " 1 Do^ivc. 

90 D(\mvc's (‘jO" ) I JOidit An'^lo. 

]i\ Gireiilai’ or Radian ]\If*inniro ; A Itadian is llio anj^dt** 
at the centre of a eiicle, r^iihK'iidefl ))y an aijj; ociual lo 
iiidius. One Radian * 57’295S'-‘ . .')*14J6 J^adians - RSO'*’ 

AVOlRjfl'POlS WKinflT. 


t 


‘ 

• 

Onnccs. IVanuls! 

• 

(•wU. ! 

# 

Kilcijrarn's. 

1 Pound . 

15 

! • i 

... 1 ..0 j 

• • 

• • 

•4536 • 

1 (^>11 al ter . 

.. • ... ‘28 ■ 

... .., 1 

# 

1 Cwt.^ .... 

' ... ' 112, 

■1 i ... j 

*, 5{;-802 

1 Ton .... 

• 

.. - ■ ... ; 2-210,1 

80 1 20 

• 

.1016-()4>S 


* W Lbs. ol wat^i- 1 Gallon. 


• • MbyriilO :\IHASl>RLS. 

LINEAR. • 




• p 5 " 1 [iiches.l ' Yanis. 

5 IS •' 1 ! 1 

" .% M 

1 Centimelire (cm.) 10| ... ; ... 

1 Metre (m.; -‘JOOOJOO; ... 

1 Kilometre (krn.) ... | ..^ 1000 

■ -biM 

39-371 3-281 1-093G 
. 1093-63 


• •* • 

1 Kilometre ^ J^llle (I nearly). 60 cm. ~ l' 11&". 

1-45 Metres (French .(range) — * 4' 9-09". . 

' .^,1R 




TABLE 


I 


'PABLli 1 - -SQl • ABK. 

. t 


% 

« • 

Stl. 1 Jl [ 

cent.- If O'! 1 j 

metres.^ g : 1 

^‘ 1 - Sri ft ! 

! aches ‘ lyarda. 

1 Sq. centimetre (cm =7- ... *• ... 

1 ,, metre % (m 7),— 10,000 ...^ 

■ ' ! * 

• 

• 


0 

i 

! 0-764 1-196 


« 

CUBIC. 



Cubic j 

centiniotres. 1 

! 

* iCubic feet. 

• i 

(bibic 

yards. 

1 Cubic metre (rn'*) " 

m • 

•1,000,000 i 

1 

1 1 

f3”j-3166 

1 

1-308 

^ € 

• f 


WEIGHT 

• fv 

• 


«• 


Gn\mifics. 

' • Pounds. 

1 Kitogiamnui 

• • « 


1000 

t 1 

! 2-2046 

• 


cOmbound equivalents. 


1 Mile per lfr>ur t. -- 1-0093 Kiliuuetros ])fi‘ hour. 

1 I'not ppi‘ sec'^od -- -SO-IS Metres per second. 

1 Poiujk.1 per y:ird T.. — -TOO Kilcf^^s. por melre. 

1 Kilometre ])or liour ~ ’6214 Miles per lioiir. 

1 ^fSfre pel SocoiiJ 3-2809 KSei per second. 

1 Kilog. \)er metre =7^2*010 Lhs. per yard. 


1 Kilo^4. pQr sq. luillimetre -033 Tons po)- s(j. in^li. 

I 

fc’he j^jqni valent^ given# tliroughoiit Table 1 cntible 
coAvorsions lo bo made : thus— because 1 foot -3048 
metres ; to convert feet to metres multiply the number 
of feet by -3048. 
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. Itablb 3. 


T^BLE 2. 

-• 


I Itl 


ItENSURA-BION. 
• • . 

Paralleloj^rara— 

Area Lenfjth X 


Triangle— 

2 •Area Base X Height. 

♦ B • 

© Cii’cJe — 

• Circuinfei'once ~ ■ Hianietor X 3'IU(). 

(H* ,, X 3} (.iiT))ri!)x ). * 

Ai’(^l Square of dial no tor ¥ 'I'nhL 
or -- „ ,, X j [ (ai)i)rox.). 

• • • • 

Segineiil- 

Area (^lnii’d X 'i of Vor«od sine (ajiprox.). 

Irregular, Figure — • * 

To find Aiea: Bividc tlio iiguro into trjanglcs, 
yarallolograiiis, ar^l segiiuiijtF;, And adcl 
tlujir areas togellicr * 

Or: Diviflo into narallol sfryjs; /m3a of 
each siii|» Widiii x L.uigth on centre 
line of stuip : Atld areas of sirijis togethor 
for total. 


17-. A.: 

c 


* • • • 

Paralleloihpod -- 


1_ T.-";’ Solid Content Lengtli X Breadth XDeptli. 

I >1 I A rrisin or Cylinder — 

— V Solid C#»icnt --- Area of eiuT X Length. 

^'i <\^ Pyramid or Cone — 

Solid CoiiLent =-*fj An 


CT 

- H 


Area of end X lloiglit. 

Wedge— / • • ^* ’""** 

Solid Content ■" I Area of end X Height. 

Sphere — 

Solid Content Cube of diameter X '5230. 
• 


* Suefl ai^a rectangular wa^on body, box oj tank. 
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TABLE 2. ' 


TABiiB 2 — Mensuration (conUfLued). 

^ « 

Irregular Solid Figure (such as Earthwork) — 

‘Tq^ fii^dy Solid Content: Methiid 1 — Take cross areas at 
vjver^ marked cluitige in*- section and multiply the 
mean or aVeragc of each twd adjacent areas by tlie 
distanVse between them. Add these volumes fflJiksVWe 
total. • 

McLIkxI 2 — Decide upon an equal tlistance apart D,” 
at which cross areas shall be taken, Starting at 2 D 
from one end, take cross areas at every distance 1'). 

The last area will occur either more or less than i D 

■ 

^ troni the end. *GalI the distance from the end I'l." 
Multiply the sum of tlie cross ^areas, except tlie 
bv D. Add the last area multiplied by h D plus 

These two methods are us^ially fallowed, hut what is 
known as “ Tji 10 , Prism bid al Kule" is more fcouvrito. 

. If an end area l)ecomos Nil b\ d>ing out to a point, 
•the eTid portu^ii .should ho taken* as a pyramid. 
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1- : ‘ 


3 . 


- TABLE- a.* • 

WEIGHT^ OF MATERI.U.S. 

Note . — The weif^hts of sfcoAe, tirabof. eto| even of /the siyiie 
description, viiv>' consMerably, and ^he nj^iy be 

taken only as ii general guide. ’ # • 


• BALLAST* • 

— : i — yr- — 9 - 


^ ~ -* — . 1 

i 

r-. 9 1 

Lbs. per |« 

Cubic foot. ! 

p 1 

Cubic feet 
per Tou. 

• 

• 

Engine Ciiulor 

. 56 ! 

• 

40 

• 

Ironworks Slag .« 

1 

M3 1 

1 

27 ! 

1 

liiinesDono ...» 

.<<5 1 

*-^1 

• 

(jlraiiile 

• 

1)5 i 


Ci ravel witli sand • 

• lOH • 1 

O-J 

• • 

(1 ravel, ^an r. 

• 


i 

■'5 .i 

TniBKU. 

• 

• 

• lilTh. ])oi‘ 1 

, ^ 1 Cnhif jVoti 1 

- - 1 

fL.ilfiir*, Ti’ir, clean 


:js : 

,, creosoted 


4<S — h 

Red Pine ..^....9 

• 


Pi tell Pine ....• .T.. 

Earch 

ft 



■15 
' 35 

Oak 9.m 

• 

50 

Bnltic Fin Sleeper, clean, 9^ X 10" 
■ „ ,, creosoted „ 

x5"(3Jcrft.)= 

»» »i 

^Lbb. • 

.115°^ 

148 

1 : ^ 

• 

• 
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yABLE * 3 {cQntinmd) — METAfS. 


. ^ \ .i 

« 

Lbs. per 
cnbic in<^. 

1 1 

1 Lbs. per I 
pubir. fo'^t. ' 

Lbs. per 
square foot, 
lin. thick. 

\ ^ 

I 

i 

• 

Cast Bon ..A. i 

••2G0* 

4o0 1 

37-5 

t 

Wrought Trop ...\ ■. 

-'im . 

• 

4H0 » : 

40 

Mild Steel 

t 

%■ 

.. •2S33 

1 

■ 489-6 i 

■ * . 

1 

40-8 


•Ciist Iu)n. Sci;tionsil Area in sq. ins. X 3i == lbs. per ft. run. 

„ i „ ,, ,, 3'V -- „ ,, 

Alild Nteol. „ , x :M v.. 

,, ,, ,, ^ 10*2= lbs. per yd. run. 

Ivound Iron. Nuinbtr ,of eighths of an incli in^diaincl-er. 
sijiiarod X ‘O-ll lbs. per foot run. 

\Voi;L;ld of Hails .— 4 

T'ornids^per >iifd X J J ~ Tons per mile sin^^lo rail. 

'iVj find weight ]joi yard in^lbs., when an odd length^of rail 
has been wei'gbod. Multiply weight of length in Ibsf-^' 

by 36^ and divide by niftnber of iiichoi in the length. 

/ 

TABLE 4. 

*_j^ 

^ SQUARES, SQUARl’7 ROOTS, A:!fJ:> RECIPROCALS. 
NUA^lBERS'l TO iOOO, 

^oie . — To apply the Table to numbers containing decimals, 
and to numbers over 1000,# see Chapter IV. and Talde 4a. 

, Por the actual ^leciprocal move the decimal point 3 places 
to the left^ “ ' ■ 
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ABLiid 4-. 


441 

4-5H2(i 

■17 6Jy)0 

•ISL 1 

4-r.;i01* 

45- 4)15 

5^ ; 

J 705H 

43 -4783 

S70 1 


•(1-0067 

025 

5- 0(100 

10-0000 

(370 1 

3 0090 . ;iS.4til3 

720 

O' 1002 

37 0370 

7Si 

5 -201 5 

35-7143 

H4l 

5 -3852 

81-1828 

'.WO 

5 --1772 

aa-3333 

001 

5-5078 

32-2581 

024 

5 (3500 

31- 2500 

OHO 

•5-l?46 

30-3030 

.15(3 

5- "310 

20-4118 

225 

5-9101 

28-5714 

.29(3 

fi-QOOO i 

1 27-7773 

.;;(i9 

0-0828 1 

1 27-0270 

.144 

6-1044 ! 

I 26-3158 


i2 ! 1764 


6-3246 

25-0000 

6- 1031 

24-3002 

6-4807 

23-804^5 

G-5574 

23-2558 

6-0332 

22-7273 

6-7082 

22-2222 

6-7823 

21-7391 

6-8557 

21-2766 


7-0000 ! 20-4082 

ro7ii ; ao-oooo 


dl 

62 

33 

2601f 
‘ 2704 
2800. 

7-1414 > 
7-2111 ^ 
l-2m 

19-6078 

19-2)6)8 

15-8679 

54 

2916 

7-m5 

•18-5185 

53 ‘ 

3025 • 

7-4162 

18-1818 

56 

• 3136 4 

7-4833 

17-8571 

57 

3249 

7-5198 

17-543.1)' 

58 

3364 

7-6158 

17-2414 

59 

3481* 

7-0811 

16-9492 

60 

3600 

7 -7460 * 

16-6667 

61 • 

3721 

7-8102 

16-3934 

62 

3844 

7-8740 

16-1290 

63 

3960 

7-9373 

15-8730 

64 

1006 

8-0000 

15-6250 

65 

1225 

H-0()23 

15-3846 

66 

• 135(i 

8- 1240 

• 15-1515 

67 

4(89 

8-1851 

14-9254 

68 

1(52 ( 

8-2462 

14 -70591 

60 

1701 

8-“0()6 

.14-4928 

78 

lO^lO 

8 ■ 3(9)6 

14-2857 

71 

5011 

8-4201 

14-0845 

72 

5181 

8-1853 

13-8889 

73 


8-5110 

13-698(f 

74 

547(; 

8- 0023 

13-5135 

75 

5625 

S r)()03 

];)-33;33 

76 

5j7() 

8.7i78 ; 

*13-1579 

77 

5020. 

[ 8-7750 : 

: 12-9879 

78 

4i(!Kr 1 

' 8-831.S i 

IS^820« 

79 

. 0-Jl]»j 

8 ■ 8'-!.'^^ I 

12-6582 

80 

0400 i 

8-9113 I 

12 ■5000 

81 

1 6501 

■ 9-0000 I 

12-3J.i£, 

82 

! (i724 

9 ■1)554 ! 

12-1951 

> 83 

i 6889 

9-1101 1 

12-0482 

84 

i 7056 

! 9 l(r,2 1 

11-9048 

83 

i 7225 1 

9-219# ; 

11-7047 

86 

. 7390 

9- 2730* 

11-0279 

87 

75()9 

9-32‘..in 

11-4943 

88 

774-1 

O-jHl-t i 

j 11-3030 

89 

7921 

9-4340 

^11 ■2300 

90 

8100 

9-4868 

ll-llll 

91 

• 8281 

9-5394 

10-9890 

92 

^ 8104 

9-5917 4 

w 10^8^6 

93 

8649 < 

9-6437 

• lO-TiS? 

94 

8836 

9-6954 

10*6383 

95 

9025 

9-7468 

10-5263 

96 

9216 

9-7980 

10*4167 

97 

9409 

9-8489 

10* 3093 

98 

I 9604 

9-vS995 

10-2041 

99 

1 080» ^ 

9-9499 

lO-lOK) 

100 

1 10000 

10-0000 

1 10-0000 









SQUARES, SQiJJAHE JIOOTS, 

vr„ 1 I Square ■ Kecip. 

No. ; Square. i ^ 


u:m 

l^rui 

12700 

Tioor. 

1:122') 

'■i;}0s;4 I 

I:i 02 l I 
11101 I 
14100 I 


Scjuarc ; 

Po^'t. _ 

10-0499 

10-0995 

10-1489 

10-1980 

10-*^-i70 

10-2956 • 

10-:i441 

10;i023 

10 -440:5 

J0-48rtl 

10-5:157 

lO-5s;iO 

io(>;ioi 

10-0771 
10-72:58 
10-770:5 
10-811)7 
, 10-8(528 
10-9087 

10- 5‘')15 

U-0000 

11- 0-J-)t 
lJ-()<)05^ 
11-11555 
11‘18|);5 
11 -2250 
ll-20'l 
11-;5V57 
1 1 - :5.")78 
11-1018 

11 •u:)^ 

11 -4801 
11 ■5:52(5 
11-5758 
11-6100 
11-6610 
11-7017 
11-7473 
11-7898 
11-h;52‘2 

11 -8743 
11-9164 

11- 9'58;5 

12- 0000 
12-0416 
12-0830 
12-1244 
12-1655 

12 -2060 

2-2474 


9 1 90099 
9-80392 
9-70874 
9-61538 
9-52381 
9-43:596 
9-34579 
9-25926 
9-17431 
9-09091 

9- 0090 1 
8-92857 
8-84956 
H- 77193 
8 ■(555-5(55 
h- (52060 
B- 5-1701 
8- 47178 
8 •4083(5 
h:5:<?:53 

8-2(5-146 
8- 191572 
S'-i:.0(lh 
8-(K:152 
8 66(»(»0 
7 • 0:1(55 1 
7-87402 
7-81250 
7-75194 
7 ( 592:51 

7- 6 : 3:559 

7- 57570 

7-.518BO* 

7-46269 

7- -4074 1 

7-3529-1 

7-29927 

7-24038 

7-19124 

7-14286 

7-09220 
7 ■04225 

6 - 99:301 

6-94444 

6-89655 

6-84932 

6-80272 

6-75676 

6-71141 

6-66667 


AND 

ElEClPl|( 

)CALS — continuA^. 

1 No. V Square. 

Square 

Koot. 

Pecip. 

> 1000. 

irfl 

22801 

12-2882 

6-62252 

iS2 

2:5104 

12-3288 

6-57896 

1/iS 

2:3409 

12 3693 

6-6:3596 

134 

2:3716 

12-4097 

6-49351 

155 

24025 

12-4499 

6-45161 

156. 

24.3:36 

12-4900 

6-41026 

•(r?S 4 ) 4:3 

157 

24()49 

12 -.5300 

158 

24964 

12-5698 

6-:52911 

159 

25281 

12-6095 

(i- 289:51 

160 

250\)0 

12 -6491 

6-25000 

161 

25921 

J2-6KS6 

6-21118 

162 

26214 

J2-7279 i 

6- 17284 i 

163 1 

2()5(V.. 

12-7(’>71 ! 

6 - 1:54 97 

164 


12-8062 I 

6-697.56 

165 : 

27223 

^2 -.8 45-2 1 

(>-(i(;6fiJ 

166 ' 

27536 1 

12-8841 1 

6-62410 

167 

27889 1 

12-9228 ! 

.5-98f-()2 

168 ! 

2S224 1 

12-9615 . 

5-9.’»23.-» 1 

169 

2.'-^5(>l j 

i:4-o<)()() ; 

5-f'i7(6 

170 

2891)0 

1.3-1)38 1 ; 

5 -S'- 2.35 


1 : 5 - 071)7 1 5 - 8-1795 
1 : 5-11 r)-SL!95 

i ;4 1529 5 - 780:46 

i 3 -m )9 5 ■ 7 - 171:5 

1 : 5-2288 5-71 129 

i 1 : 5- 2665 5 - 68 1 82 

' 1.5 -'.^Oll ri-C.IOVJ 
i l. 5-:5417 i 5-61798 
i; 5-:579 i i 5 . 5^559 

1 -I 4 ^ 1 r •: r.KK’zn. 


I 1,3 -4 5:56 
' 13-1907 
i 1 : 3 -5277 
! 1:5-5647 
I 1 : 5 -(-.915 
1:5 6:482 
1:4 - 157 48 
i:4-7li:5 
13-7477 

1.3- 7840 

13-820.3 
13-8564 
13- 892-* 

13- 9284 

1.3- 9642 

14- 0000 
14-0357 
14-0712 
14-1067 

^ 14': 1421 


5-52186 
5 -19451 
-5- 46-118 
5-4:5-478 
5-40541 
5:57634 
5-34759 
.5-:51915 

5- 29101 
5 26:J16 

6- 2.3550 

5 - 208 : 5:3 

5-18135 

5-15464 

5-12821 

5-10204 

5-07614 

5-05051 

5-02513 

3-00000 











TAULE *4| 


BQL 

FARRS, SQ^FAAE ' 

l^OOTS, AND RECIPkJ 

iC ALS— .■ 

Jlo. ] 

llecip. 1 

X 1000. 1 

No. j 

6quare. | 

Square | 
Boot, i 

n 

301 ! 



90001 

17 '34^1 

3-92226 

3Sf 

123201 

18-7360 

2-84900 

3<fa 1 

.91204 

17-3781 

3-31126 

SB* 

123904 

18-7617' 

2-84091 

303 ! 

91809^ 

17 •4069* 

3-30033 

363 

124600 

18-7883 

2-83286 

304 1 

92416 

*17-4356 

3-28947 

3^ 

125316 

18-8149 

2-82486 

808 I 

93025 

17-4(W2 

8-2*869 

355 

126025 

18-8414 

2-81690 

306 

93636 

17-4939 

•3' 26797 

356, 

126736 

18-^680 

2-80890 , 

307 1 

94249 

\7-5214 

3-25733 

J367 

127449 

18-8944 


308: 

94864 

17-5499 

3-24675 

358 

128164 

18-9209 

2-79330 

309 

95 . 48 ! 

17 ■•5784 

3-23625 

359 

123881 

18 •947.3 

2-78552 

310 

OCKMI 

17-6068 

3-22581 

360 

129G(K) 

18-9737 

2-77778 

311 : 

96721 

17-6352 

3-2^343 

361 

130321 

19-0000 

2-77008 

312! 

97344 

17 -60:15 

3-20513 

362 

131044 ^ 

19-0263 

2-76243 

313 ! 

97969 

17-6918 

3-13489 

363 

131709 

19 -0526 

2-75482 

314' 

98596 

] 7- 7200 

3-18171 

364 ; 132490 

19-0788 

2-74725 

319 1 

99225 

17-7182 

3-17400 

363 

133225 

Ip -1050 

2-73973 

316 ; 

99H56 

17-7764 

3 - 1645() 

366 ! 

J 33956 

191311 

2-7.3224 

317-; 

1TJ04H9 

17-8015 

3-15457 

367 1 134G89 

19-1572 

2*72.180 

*1318 : 

101 124 

17-8326 

3 11466 

368 1 

1.35421 

10-18.3.3 

2-71739 

319 

lOlTtil 

17-8606 

3 -13480 

369 1 

136161 

19-2001 

2-71003 

320 

102400 

17 -8^85 4 

3-V>fOO 

370^ 

136900 

19-23.54 

2-70270 

321 

103041 

17-9165 

3-11527 

3W 

137641 

19-2614 

2-69542 

.322 

1036H4 

17-9114 

B-J0559 

372 


19-2873^ 

2-68817 

323 

10J329 

17 -9722 • 

09598 

373 

1.39129 

19-3132 1 

2-63097 

324 

104976 

L8-00OO 

3 -08642 

374 

139876 

19 -.3391 

2-67.380 

325 

1a»5625 

18 -0278 

3-07692 

375 

14(H)25 

19-3049 

2-66667 

326 

lOkV27r) 

•18-0055 i 3 -or, 7 19 

376 

1 H;476 

10-3907 

2-6-5957 

827 

l()«929 

3^^•08^1 

3-05810 

377 

14 V 1-29 

19-1165 

2-652-'>2 

328 < 

17581 

IS -J 108 

-04878 

378 

142881 

19 •M22 

2-64550 

329 


18-13M 

3-03951 

379 

14;i641 

19-1679 

2-63852 

330; 

108900 

18-1659 

3-03030 

380 

l-i44(l() 

19 --4936 

• 2-63158 

-r£3i 

1(19501 

! 18 ■1931 

3 - 02115 ' 

381 

115161 

19-5192 

2*62167 

332 . 

J 1022 4 

i 18-2209 

3-01205 

382 

145921 

19-5448 

2-61780' 

333 

110889 ^ 

lS-2183 

3-00300f 

383 

146689 

(19-0704 

2-G1097 

334 

in55{? 

i 18-2757 

2-99401 

384 

147456 

19-6959 

2-60417 

339 

112225 

18-3030 

2-98507 

385 

148225 

19 6214 

2-59740 

336 

112^1 

18-3303 

2.* 97019 

386 

148996 

19o6469 

2-59067 

337 

! 1135G9 

18-3576 

2-96736 

387 

J 19769 

19-6723 

2-58398 

338 

1U244 

«’.H-;J848 

2-95858 

388 

150544 

19-0977 

2-57732 

339 

1 114921 

18-4120 

2-94985 

389 « 

351321 

19-7231 

‘2-67069 

340; 

; 115600 

18-43'Jl 

2-94118 

390 

152100 

19-7484 

2ii')6410 

341 

, 116281 

18-4062 

2-932.56 

891 

152881 

19-7737 

2-557^5 


: 11()I64 

18-4932 

2-4)2398 

m 

153664 

19-7990 

2-55102 

343 

117649 

18 -5203 

2-91545 

393 

154449 

19-8249- 

2-54453 

344 

118336 

18-5472 

2-90698 

394 

155236 

19-8494 

2-53807 

345 

119025 

18-5742 

2-89855 

395 

156025 

19-8746 

2-53165 

346 

119716 

18-6011 

2-89017 

396 

156816 

19-8997 

2-52525 

347 

120409 

18-6279 

2-88184 

397 

1-57609 

10-9249 

2-51889 

848 

121104 

18 

2-87356 

398 

^58404 

19-9499 

2-51256 

349 

121801 

i8-68r<; 

2-86533 

399 

a59201 

19-9760 

2-50627 

850’ 

122500 

ip-7083 

2-85714 

400 

iboooo 

*20 "0000 

2-50000 




j KQUAREa, SQUARK HOOTS: 


jNo. Square, 


Sc[ 

Root 

20 -0200 
20-0409 
20 -07 49 
20-099H 
20-1240 
20*1494 
20- 1742 
20 1990 
20-22.^7 
20-2!sri 


2-40.*? 
2-487#6 
2-4Ki:)9 
2-47i5‘4fe 
2« 40914 
2-4rj;J06 
2- 4r>700 , 
2*4.ms 
;J-41i09 
i 2-t;iy02 


AND KE(JIPHOOAljS — continued. 

Souare ' I Ucoip. 

_ •'I 1000. 

451 I j'mol I 21-2:468 i 2- 217:40 

452 1204304 ! 2] -2(503 | 2 -212*9 

453 ' 2(4320#., 21-28^8 1 2 *0731 

454 I 206110 1 21-:i57;-4 1*2 -20264 

485 r207025 f2l-3:-.07 2-197S0 


HhOs^ 


20- 29*^1 i 2- 
20-322to! 2- 
20 -3 (70 ! 2- 
20-3713 2- 

20:i901 2- 

20-!2{M) 2- 

2(M(r»0 2- 

20-ir.,t.» ^2- 

20 4<':)9 2- 

20-31H-; 2- 

20-:) 120 ^ 2- 
i 2(j-.Vc;Vn 2- 
;2o-3'.lJ.4 ' 'If- 
!2‘)-6I33 j 2- 
i20-():’*98 !,2- 
I 20-6010 I 2- 
120 -(5882 i 2- 
; 20-7123 I 2- 
2()-7:;0J 2- 


441 ; 19M81 

442 i 195:4(51 

443 ; 19(5249» 

444 197138 

445 198025 

446 19S916 

447 199809 

448 200704 

I 201601 

480 I 202500 


I 20-78^0 
! 2fl-8y87 
I 20-8027 
i 20-H3(57 
2(]b 8^0(5 

20-9(Ur, 
20-92St 
20- 932:5 

20- 97(52 

21 - 0000 
til -02:^8 

> 21-0476 
21-0713 
21-0950 
21-1187 
21-1424 
21-1660 
•21-1896 
2]f5 21442 


436 ! 2979:56 ^21 -.‘4342 i 2-19298 


437 ' 2(WS49 : 21 -.177 
458 ■ 20‘,'7()1 : 21 -((Kj 
469 . 2lonHl • 21-124 
4G0 ! 211(500 21-157 

461 •212321 I 21 -.1709 

462 I 21:1144 2M9I2 

463 21 1:4(59 • 21-317 
464,213290 j 21-510 
483 '216223 j 21-36:4 

466 2!fl30 j 21 -587 

467 , 2l.«(»S9 i 21-6.0 

468 219021 I 21-,^‘C' 


21 -.1776 i 2-18818 
21-40(^9 i 2-Js:3 4] 
2M24;4 ! 2-178(53 
21- 4176 • 2-17:591 


2 -I'. 920 
2-16130 


470* 22'"Mg) 

471 ; 22i.sn 
^72. 222 1 M ! 

473 V415V-ii- . 

474 22 {{"it; . 
473 273623 i 

476 22.-356) . 

477 • 2273‘>9 J 
473 22.-«.sl*i 


•riij _ _ r I I ■ i'll >- 

479 229411 


2-22019 
2-:4i 1.8-2 
2-:40917 
2-.H(MJ.5 
2 - 2088,1 
2 -•29:438 
2 • 2.883,'! 
2-28311 
2-27f«\ 
2-27273 

2-26757 

2-2(5-J4t 

2-237:44 

2-25223 

2-24719 

2-24215 

2-2:4714 

2-2:4214 

2-5g717 

2*22222 


480 *2.40401) 

%8l aHi:ir,i 
482 , 2.!2;i21- 
A83 i 


484 1 2;i rJ36 i 22-(u>fto 
483 2;4:>7X3 I 22- 0992 ( 
4S6 ■ I ‘22- (^1)4; 

487 ' -2.57169 I )£2-<n -’J 

488 I 2:18111 I 'J2-iW7 


21-3171 •2-1308:4 

21-.3107 ! 2-13317 
21-36:49 I 2- 130.34 
21-5870 ,•‘2- 1 4392 
21-6.02 I 2-l-*»i:4:4 
21 •,^•5';; i 2 1,5673 
21 1 , i>-i;;;i20 
,21-6/9 •» . 2-1 •2766 

21 70j7 : 2-l--“414 
21-7236 ' 2-1181)4 
21 - n-Sli 2-11 117* 
‘.?1 -171.3 . 2-io07J 
21-7943 ! 2fcl'»."}26 
2I-8W71 ; •4.1(.)O.Sl 
21 -MOi 2-0 *(>.4.Jr 
2i-.‘‘!;i2 ; 2-xj2o.f 
2I-.8*^()1 ; 2-08768 
21 -‘MIS') j 2--0^,;‘4;4 

2L-o;{|7 ! 2-6790#. 
21 -'.13 53 I 2 -97 4(59 
21-977.-4 :J- 0/639 


21 - ‘JOS') 


2-U(i61-2 

2-06186 

2-037(51 


487 ' -2.57169 -’J i 2-033.39 

488 I 2:18111 2-2-5VI07 1 a-lUOlB 

499 ■ ‘2.59121 22- 1 1:5:4 2-l!4499 

490 ! 210100 •22-1.339 j 2-(ti082 


«4JOf5l •22- 

i *412061 22- 

I 21:40 1 9 * 22 - 
I 2440;3(i 22- 

I 2.45023 * 22 - 

I -2 4601 6 22 - 

1 24701/9 22 - 

'•248004 ,‘ 22 - 
i • 249001 # 22 - 
* ■230000 22 : 


'02 • 0:3*2^ 
. 02840 

‘2 -0-2 421) 

. 2-0-2020 
1 2-01(513 
i 2 -01 -207 
! 2-00803 
i 2-0040* 

' 2-00000 



iloot. X 1000. 


:iU721 

;u.soi)r> 

:\-2\ isu 


:v 2 r.o-jl ! 

:}-271rtl , 

:m:m I 

aiiVMTO I 
i 

:i:n':7r) j 
:4;>20‘2‘) i 

xmxi j 

8;5r,‘24i I 

:«:joi()0 1 

‘XVtr^vA I 

;mT>x ; 

:-5:>9shi) 

:5Uor)() 

31222'! 

31339(5 

3-lJr,f59 

315744 

340921 

34S100 

3192H1 
350464 
351649 
352836 
354025 
356216 
356409 
;J57004 
,358m 
I ;yBoooo 


23-4734 

23-4947 

23-5160 

23-5372 

23-5584 

2S-5797 

23-6008 - 

23-6220 

23 -6432 

23 -66 4:4 

23-6854 
j 23 -70(5 3 
I 23 •727(5 
I 23-74.'^7 
j ‘>3-7097 
23-7908 

23- 8118 I 
: 23-83->8 1 
; 23-8537 j 
; 23-8747 

! 23-89:)fj I 

. 23-9HvJ 

I 23 •937-1 ■ 

I 23-9583 i 
i 23-9792 ■ 
j 24-0000 
i 21 -(5208 

24- 0116 

I 21-0(521 1 
1 24 ■ 0832 'l 

I 1 

I 24-1039 
; 21-1217 
24-1454 
24-1661 
21-1868 
' 2* -‘2071 
‘21-2281 
‘24-2487 
2 4 -‘2(593 
21-2899 

21-3105 
24-3311 
24-3513 
‘24-3721 
24-3926 
24-4131 
24-4336 
24-4540 
24-4745 
' 2^-4949 


1-81488 
1-81169 
1 -8083*2 
1 ■ 80505 
1-80180 
] '79856 
7»?)33 
1-79211 
1-78891 
1 • 78571 

I • 78253 
J ■ 77936 
I • 77620 
1-7730-5 
1-76991 
I - 76678 I 
I 1-76367 i 
1 1-76056 i 
; 1-75747 
1 -75439 

i l-r513l 
I 1-74825 
L 74520 
i 1-74216 
■ 1 -73913 
1 -73611 
1-73310 
1-73010 
1 1-72712 

■| L- 72414 

1 ^ 

, 1-72117^ 
! 1-718‘n 


1-70940 
1-70649 
1-70358 
1-70068 
1- 6.(779 
1 ‘ 69492 

1-69205 
1-68919 
1-68634 
1-68350 
1-68067 
1-67785 
1 -67504 
1-67224 
1-669-45 
1-66667 



.TaIsle 4. 


feQITAllES, SQCTA^E HOOTS, AND REGIPROC^L H— continued- 


No. ^ 

Square. 

Square 

Kc^ip. 

• 1000. 

No, 

S(iuare.' 

S(iuaL*e 
t Hoot. 

Rccqj. • 
1000. 

601 ! 

361201 

24- 51-73 

1'66:4*«9 

651 ! 

42:1.801 

■25-5147 

l-5:S61() 

602 1 

362404 

24-5357 

l-66lt:l 

692 

4-^0 10 1< 

25- 5.3 y 

I#:i:-j74 

603 1 

363600 

24-5.561 

1 • Ooh:;? 

693 1 42640‘f ■ 

■2.5 -.5^9 

j-.7.ij:^9 

604 ' 

3H4.S16 

24-5764 

1-6-5563 

#54 ' 42771(i 
ess ' 4‘>90‘>.> 

. *25 -5731 
“ 25 - 50:10 

1-5290,5 

605 ; 


24-5967 

1^65'289 

1-52672 

606 

367236 

‘2i(i]71 

1-65017 

636 

4:To:1.16 

•■25- 1^12.7 

1-. 52 4:19 

6(f/ 


24-6371 

3 .64715 

657 

43J640 

25-6:1*20 

1 -.52*207 

60S 

36!mr)4 

24-6.577 

1-64474 

658 

4:1206 4 

L ‘25 -6515 

1- 51976 

609 

370HS1 

24-6779 

4-64204 

699 ' 434*281 

' *2-5-6710 

^ 1 -5174.5 

610 

372100 

24-60H2 ^ 

1-6:1034 

660 • 135600 

661 ’ 436021 

*25-6005 

1-51515 

611 

373321 

21-71S1 

1 -63666 

2.5-7000 

isiaHO 

612 

371.-) 14 

■24-7:iS6 

1 6 : 3:199 

662 

4:i824t 

‘25-7*201 

1-51 (>.'.7 

613 

37.'5769 

■i4-7.)S# 

1-631:32 

663 

4:10560 

•25-74S8 

1-50.8:10 

614 

376006 

24-7700 

1 -62866 

664 

440806 

‘25 ■ 7682 

1 -.50602 

615 

37H22r) 

2 4-^002 

1- 6-2602 

665 

J 122*25 

25-7-876 

I_^l-50:i76 

616 

3704-76 

21H103 

1 62.1:1.8 

666 

44^.->.56 

2.7 - 8070 

*1 -50150 

617 

:isi)i).so 

24-s;o5 

1 -62075 

667 

1 1 4SS0 

*25- 8-20:1 

1 ^m)*25 

818 

3S|ir21 

21 S706 

•1 -61812 

668 

4 16*2*24 

■25 -lir)/ 

J - 4070J 

619 

3S3161 

2i'M707 

I - 6 1 55 1 

669 

117761 

•25 . .86.70 

1-40477 

620 

3si4no 

24 ■ HO! In 

1 -6!^00 

670* 1 18!iijf) 

.‘25.‘.’.8l4 


621 

3H.76 1 1 

24 !II0!) J 

1 6 in.* 

671 

150*.! IJ 

*2.»- 0(137 

J-400;)i 

622 

.!.S6^^^ 

3SS120 

21-!i;{0il 

1-60772 

^72 

151581 

*25 • 1*230 

1- 4.88104 

623 

24-!)600 

1-61)514 

673 


*25-0 '42*2 

1 4.85.88 

624 

3M‘)376 

21-O.SOO 

f- 60*256 

674 

154276 i 

•25-9615 

1 ■ 4.8,368 

625 

300626 ; 

25-0000 

i-GOOOO 

675 

4556*25 

*27-0808 i 

1-18148 

626 

301S76 j 

25.0200 

•1 -.59744 

676 

4560f6 

*26 -OOflO i 

f - -47920 

627 

303 J 20 ' 

25-0400 

1- 59400 

677 

15.s;}*20 i 

I 20 0I9*> 1 

1 • 47711; 

628 

3013S4 1 

25 • 0500 

1-50*2.36 

678 

.150f>s| 

. 20-O;{8^ 

1 -<m9:j 

629 

.30r.6Jl I 

2.7.070tl 

1 58983 

679 

oiion 

26-0576 ! 

J • 47*277 

630 

306000 j 

25 0! MIS 

I -58730 

680 

402400 

*26-0768 

1 - 47050 

^31 

308101 ! 

25-1107 

1 -.58479 

681 ; 

46:i76l . 

26-0060 

1-4684? 

632 ; 

300 42-1 

‘47 1:8)6 

1 - 58-228 

682 

4651*24 

26- 1151 

1-46628 

633 ; 

4006S9 

25 1*05 

J -57978 

983 466180 

‘26 -134:1 

1-46113 

634 j 

■1010.76 

25- 1791 

1-57729 

684 

407850 

26-1.7311 

! 1- -16199 

635 1 

403225 

25-1092 

1 -.57 480 

685 

460225 

26 -i 725 

1 1-450.85 

636 1 

40U90 

2-f-‘J!00 

1-.57*2;13 

686, 

474)506 

26- 19. 6 S 

^ ■ 45773 

637 ! 

405760 

25-23S9 

1 -.56986 

687' 

471!l60 

26-21 7 

1-45560 

638 ! 

40704 1 

2.5-25H7 

1-56740 

l-.7f?4an 

688 

47:13 44 

26-‘i-208 

1-45349 

639 

1()H321 

25 -2781 

689 

1747*2J 

26-2188 

1-45138 

640 

'fflOOOO 

25-2982 

1-56*2.50 

690 

476100 

•26-2079 

1-44928 

641 

4108S1 

25-3180 

1 -56006 

691 

177-4S1 

! 26-2869 

_1* 44718 

642 

1 412in-fr 

•25-3377 

1 -55763 

692 

■W8.S04 

^6 -.3059 

'l-445C»* 

643 

1 413140* 

25-3.574 

1-55521 

693 

4802 1!) 

‘26-:-l*249 

^ -44:100 

644 

414736 

25-3772 

1-55280 

694 

4816:16 

2r)-;l‘439 

1-44092 

645 

416025 

25 -3069 

1-55039 

695 

4830*2.5 

26-:-16*29 

1- 4:888.5 

646 

117316 

25-4165 

!■ 54790 

.696 

484416 

26 -.3818 

1-43678 

647 

418609 

25-4362 

1-54.560 

697 

485800 

■26-4008 

j 1-43472 

648 

41 0904 

25 - 4558 

1-*4321 

698 

487204- 

•26-4197 

1 1-43267 

649 

421201 

23-4755 

2.5-40.51 

1 -/i%08:3 

699 

488601^ 

•26-4:386 

1-4:406^ 

650 

422500 

1-5.3846 


490000 

*26»i.575 

1 1-12857 


32r) 




TABLE 





SQUARKH, SQUARE ROOTS, and RKOIPR’oC^T.S— 


No, i 

. 1 

Square. 

Square 
iloot. ' 

X 1000. 

No. 

Square.' 

Square ; 
Hoot. 

Kecip. • 
1000. 

801 

641601 

28-3019 

1-24844 

851 

924201 

29-1719 

1-175Q9 

802 

643204 

28-3196 

1--»1(«8 

852 

72590^ 

20-1809 

29-2062 

1-V7371 

803 

644800 

28-3373 

l-245j43 

853 

727609 • 

Ji- 17233 

804 

616416 

28-3540 

1 -24378 

854 

.720316 

29-2233 

l-]70!)($ 

80S 

648026 

28-3725 

1*21224 

855 

731025 

29-2104 

1-16959 

806 

640636 

28-3001 

l-2>069 

856 

752736 

*20 -‘4575 

1- 16822 

807 

6;4*2J0 

28-1077 

1-2.3916 

857 

734410 

29-27-46 

1-16686 

808 

6.V2864 

28-425:$ 

1-23762 

8S8 ! 

736164 

29-2016 

M6550 

809 

654481 

2K-14-2<) 

-1 -23609 

869 ' 

737S141 

20-3087 

1- 10114 

810 

656100 

28-4605 • 

1-23457 

860 ' 

739600 

20-3258 

1-16279 

811 

657721 

28-4781 

28-4956 

1-23306 

861 

741321 

29-3-428 

1-16144 

812 

650344 

1-23153 

862 

743044 

2‘.);(598 

1- 16009 

813 

6601)60 

28-ni:if 

1-23001 

863 

744760 

•20 3769 

1-15875 

814 

662506 

28-5307 

1 -228.50 

864 

746406 

20-3930 

1-15741 

815 i 

28-¥i482 

1 -22691) 

865 

74S-2-25 

29- 4100 

1-15607 

816 1 VAWr^i\ 

2S-5657 

1-22510 

866 

7ft)!).5J5 

20-4279 

^■ir>m 

817 

667180 

28 . 5832 

1 -22.399 

867 

7.516S0 

29- 4149 

iTs:$40 

818 

660124 

28-6007 

•1 -22240 

868 

753124 

‘20-«46l8 

1-15207 

819 

(UOTOl 

28 -6; 82 

1 -2>li)0 

869 

75.5161 

20-4788 

1-15075 

820 

672100 

28-6356 


870» 

75)51)60 

.20- 1058 

1-14043 

821 

074041 

2.s-(i.):$l, 

1 2H#3 

871 

75864 1 

20-5127 

1-11811 

822 

675(ii»^9 

28-6705 

1 - 21655 

•872 

760384 

■29-r,2!»i 

1-M))70, 

823 

(>771429 

28 -OHM) 

J ■2!.'i()7 

873 

71521^0 

29 -.5 466 

l-ltf.JH 

824 

678O70 

2h- 70-51 

1-21350 

874 

763.876 

29-5635 

1-J4416 

823 

6H{)625 

I 28-7228 

1-21212 

875 


29 ■580 4 ’ 

1 128(5 

826 

6S‘i‘276 

! 28-7402 

• 1-21O05 

876 

767 •76 , 

29-.5^73 ' 

t- 1415.5 

827 

6S;}1)20 

! 2s-75’i6 

1-20019 

877 

7C.0l2l^ 

29-6142 

1 ■ 14029 

828 

(iMriosi 

1 28-7750 

1-2077.1 

878 

TTflssi ^ 

29-)i3tl 

l-5«805 

829 

6n7;i41 

28-7924 

1 - 20627 

879 

772611 

2’»-6470 ' 

1-13766 

830 

j 688000 

28 • 8007 

1 -20182 

880 

. 77UO.J 

29-6618 

• 

' 1-13036 

99»831 

600561 

28-8271 

1-20337 

881 

776164 

29-)58 l6 

: 1 -135(17 

832 

602224 

28-8941 

1-20102 

882 , 

1 777024 I 

I 20-)508r) 

: 1-13370 

833 

603880 

28-9617 

1-20048 

^83 i 

; 771/680 1 

! 29-7V/-3 

1 ■ 13250 

834 

605556 

28-8701 

1-10901 

884 j 

! 78145)5 

i 20-732i 1 

1 -1312*2 

835 

697225 

28-8064 

1 -10760 

885 

; 783225 

20 7480 1 

1-12994 

836 

608806 

2fJ-9137 

1-10617 

886 1 

1 7*)4096 

20-765i\. 

*,1-12867 

837 

700569 

28-0310 

1-19174 

887 

i 786769 

1 20-7 25 

1-12740 

838 

700244 

28-0182 

1 -19^132 

i-i^jrao 

888 

j 788544 

1 29-7003 

1- 1*2613 

839 

703921 

28-0055 

889 

1 790321 

1 ‘29-8161 

1-12486 

840 

•105000 

28-9828 

1-10048 

890 

1 7921(M) 

1 •29-8;j‘20 

1 • 12360 

841 

707281 

29-0000 

]• 18906 

891 

I* 703881 

' 20-8196 

1-12*233 

842 

708061 

•29-0172 

1 • 18765 

892 

•705661 

^ 20-86)54 

f l’l‘2iyf 

843 

71064<? 

20-0345 

1- 18624 

893 

797110 

‘20-8831 

•1-11982 

844 

712336 

20-0517 

1 ■ 18483 

894 

7092315 

‘29-899.S 

1-11857 

845 

714025 

20-0689 

1-18343 

895 

801025 

‘20-0166 

1-11732 

846 

715716 

29-0861 

1-18203 

896 

802816 

20-9333 

1-11607 

847 

717409 

29-1033 

1*18064 

897 

804009 

29-0500 

1-11183 

848 

710104 

29-1201 

1 •17925 

898 

606-104 

‘29-966)3 

1-11359 

849 

720801 

^•1.376 

V47786 

899 

80820f 

j ‘29*9833 

. l*ll‘2:^5 

860 

722500 

20-]!5548 

1 - 17647 

ifTiJj] 

810000 

! 34-0000 

i 1-11111 


327 




004 i R17216 
903 I K19025 
900 i Ml>OH;S6 

907 ! .S22f)‘l9 

908 ; .S244(;i 

909 i 

910 , H2HJ00 

911 ■ 829921 

912 ! 8:41744 

913 hii.'JofjO 

914 8;iri.'}9() 

915 8.4722.0 

916 I 8:i<?n.'50 
917*1 X108S9 

918 8J2721 

919 : 844001 

920 1 810400 



i 885181 
887S04 
j 889^-19 
I 891136 
1 893025 
1 894916 
896809 
898704 
900601 
0O25OO 


:U)-1H28 
:-10- 109:1 
;-l0-2l.59 
40- 2.124 
;il)-2190 

:io-20.m 

:i0-2820 
«S0- 298.5 
30-:il50 
30-:V115f 

:io-;M80 

:io-404r) 
:io.:jso9'’i 
:i0-:i97i ! 
:jo- ii:iK 
r' 40 ■ 4402 ' 
:i0‘ 1 o;7 
:i0'4riii 

:;o-479o 
40* 10-59 

30-512:1 
:10-52H7 
40- 04,50 
.'10 ■5014 
:i0-5778 
:50-r>oa 
30 010.5 
I ^50-0208 

I :'i0 -04:11 
^ 30-6594 

I 30-6757 
:10-G920 
30-7083 
30-7246 
30-7409 
;40-7571 
30-7734 
30-7896 
30-80rfS 
30.8321 


1 -08578 

I 1-08160 

1 >^'0^:1 12 

! 1- 0822.5 
1-08108 
1-07991 
1 -0787.5 
n- 077.59 
l-076i:l 
1 -07527 

1-07411 
1-07296 
1-07181' 
1-07066 
1-06952 
Jf 068;iM 
1-06721 
!■ 06610 
1-06496 
1 -06383 

l-(t6270 
1-06157 
1-06045 
1 -05932 
1 -05820 
1-05708 
1-06597 
1 -05485 
1 -05374 
1-0526 






TABLES-^ AND fj. 


TABLE 4a. 


f 

I'^OR THE APPLICATIO]^ OF T,\J}LE 4 TO SQLfAEES 
OF NUMni’.HS WITH rom».DIG Ij)S. _ • ** 


Diff. for 1 = (2 X N> + ] 

Dftf. for fA- (l2xN) + 36 

. „ „ 2 =* (4 X N) SM 

7 --- (i4xN)4-49 

•„ 3 --■= (6 X N) + V • 

„ „ 8-- (l(5XN)+(54 

„ „ 4 - (8 X li) f 1(5 . 

„ if •(13XN)+81 

„ „ 0 -- (10x*N) 1 :lo : 

10 -- (‘2()xN) + l()0 


N is ilie iiuiiil)8r ionne«l of the first 3 ili^its, followed by 0. 
Exami*m:.— S quare of 971G 

• 9710“ -- iy28UOO 

Add for 0: - 

(lt> 97 JO) 36 - 1 lO^oO ^ 

9716^ ■ - OdlOOGoO 
• • _=»: 

Alternatively the square^ of 9720 may be taken, and the 
difforence^ibr 4 (leductod. • • 


• TABLE 5. 

# , 

DECIMAL EQUIVALENTS OF Hifis. IGUis JliTids. 


Fractious. 



DeoiliiaLs. 

i 

Fra-ctiouH.* 

Decimals. 

- ■ 




- 



. 



1* 

n j 


•03120 

r ^ 



■5 

iV 


•0625 



I 7 
.^2' 

• . -53125 

1 

ii3 



•09375 


<1 

1 n 

-56-20 


• 



•125 


• 

m2' 

'.*69375 

'i 

iLj 



■15625 

5 


•625 





■i875« • 



§3 

-65625 

• 

/jj 



•21875 


] 1 

IV. 


•6875 

j 



•25 


• 


•71875 




■2H125 % 

ji 

4 

• 

45 


• 



•3125 




•78125 




■34375 


1 s 
1(1 


•8125 

3 

s 



■375 



•84375 

13 

:ilS 



■40625 

7 

7) 


•875 

7 

TF 



•437^ 




•90625 

it. 



■46g75 


IJ} 

iTJ 

• 

i -9375 • 




• 


si* 

r 

-96875 


329 



TABIiE 6. . 


, 

V 

- --^ 

TABLE ,6. ' 



1NC1IIKS5 CONtK 

HTHl) TO 

TJKCIMALS 

01? A l'’00,T. 


t- ^ ^ 

».0 L- 35 ’“I 

loo 0 X C 

C4 CD X ! 


— 

, \ 2i^- 

L- n CO 

X CO X 

0 '-W 35 •&! ■ 


,—4 

1 r^VCM O’l 

70 -ti O 

C *C X 0 L-- 

r.'- -J.- X 35 i 



1 3: 3> r; 35 

. • ■ ■ <r 

35 3j 35 35 

. . 

<35 35 p p 

p C. p p 1 

! 



O 1 ^ to 

of '-ti X X 

Q 04 -r X 

do 0 Cl >.0 



r:' r r?. 35 

-r^ X 35 

0 0 0 0 

>.0 X 1-' , 

«■ ‘ 


rt CO Tfi 

i£0 » o X X 

1- 7 : X 35 

35 0 X i 



/ L n X 

■ ■ \ 

X X X X 

X 7. r X 

X 35 35 35 1 



’ O -IN -+< to 

X O 05 iO 

« 

l'- 35 T-* CO 

»0 t- 35 i 


i ' 

• O O O ‘O 

O X X 

— 1 X Cl C'- 

Cl L- Cl 00 


1 35 

! ‘-0 O X X 

L- lA X X 

<35 35- 0 0 

’-r — Cl C4 


j 

j L - t - b- 

L- r.;- 

tp I p X 7j 

Xj X 71 X 

■ ■ ■ • 


1 

t> 35 — ' CO 

O 35 »— » 

CO 0 X t) 

Cl X X' 



X —1 I.'- 05 

c- 04 CO 

7JI CO X rH 

35 -11 35 


JC 

! CjO t- X 

X 3. (35 O 

0 — < Cl 

Cl CO 70 -+l 



X X X X 

*-r^ 1 

1 - 1 - 1.'- L- e L" t - L- 

I^I 


•i . • . . 

, . . . 




L'- 


CO U3 t- O 

Cl — < X X 

0 Cl X 

X C Cl »3 

1, 

Jl ^ 

CO T 35 

-H 35 ^ 35 

•c 0 0 0 

0 — X ■— ' 

1 

’ t- 

^ X -i' 35 (35 

'-^ 

01 TO'.o 'r> 

^ j •>% 



^ JO ‘O ‘O ‘O 

X X X X 

X p p p 

p p p X 

_+j 


- — - • ' 

* _ ._ 4 . - . 

f 

— 

Cl 


O 3J X 

X 0 104 ».0 

. t- 35 — ' CO 

0 t'- 35 r-^ 

X 

^ 

! o »o o ‘O 

0 X 1 -- X 

• —1 X Cl' L'- 

Cl L- 01 X 

X 

to 

! O O ^ 

oi <04 CO :© 

■rh 0 iC 

X XV" 


1 

•r^ ^ ‘O »iO 

4 10 JQ »0 lO 

p p p p 

>3 0 

' . . • 



t'- C5 — ' X 

>C t- 35 ^ 

CO uo X X 

Cl 'f C3 X 



- X — ' L- 01 

01 t'- CO 

X CO r «rH 

35 HH -5 '-n 

43 

»o 

• - 0} CO 

, CO 

•0 X ;3 L- 

L- X X' 35 



'Ol -H -H 

-ti «<p -p ^ 

*+1 -h 

-r 'iH HH ^ 

uO 

1 

■ 


. 

■ 

00 


JO 4.“* L- (1) 

■ ~f 

04 '+< 53 rc 

0 Cl X 

■X' 0 Cl kO 

Cl 


W /. CO 35 

-n 35 35 

»3. 0 iO 0 

0 ^ X T-1 


rtl 

00 CO -rfl -t’ 

10 0 X X 

t« X CX 35 

35 C? 0 -H 

ll 


Cp Cp 5^ C-^ 

■CO cp CO (p 

p p p p 

00 ■Hi -H Hj 

1' 


' O Ol X* 

'X 0 01 0 

35 COt 

0 I>- 0 »-l 

i 


i X -O 3 iO 

0 X r-^ 0 

1-H X Cl 

3. L- Cl X 

1 0-1 

bo 

. ^"3 0 X X 

L'- L- X *:■ 

35 35 0 -O «' 

th -H c; Cl 



; OT ■'■« 51 04 

01 01 Cl <01 

Cl C4 -TO CO 

CO CO CO CO 

l_ 


i_. ' L.‘. 



■ 

1 U} 






i ^ 


«?I- 3. CO 

. 0 . L- 35 -1 

70 iC X 0 t 

pi -H X X 

J 


It ^ 

lJ OI 1'- CO 

X 70 7: -h 

35 -H ^ ^ 

p , 

CM 

. X l:^ l - X 

-X 35 x 0 

0 -H --H 01 

Cl CO 70 rH 

1 3 


1 T* T* T* T* 

^ pi — Cl 

p p ^1 Cl 

Cl Cl d Cl 

■ ■ ■ 

1 

! ^ 


1 ~ 


^ ^ - 

■' — 

■ X 


! CO lO 1-’- O 

Cl -h X X 

0 Cl -H X 

X 0 Cl X. t 

! H 


CO X X 35 

'«ti Ci 35) 

0 0 <0 0 

t.O 'X *— H 


rH 

X X 35 35 

0 r-« 

Cl CO 70 -+l 

-+1 0 1C X 



O O O O 

r—l — H r— ( »-H 

i-H i-H — < I— « 



•- 

, 

* 4'" * * 

ft • ■ • • 

■ •■ .* • 


k, 

-- ■ “ * 

Cl X 

X 0 Cl ^.o 

35 rH CO 

‘C r-^o5 -H 



»o X o 

0 X *-i X 

>— 1 X Cl t"- 

C4 1'- Cl X 


o 

1 fO 

Cl CM CO -O) 

^ 0 

X X L"^ L'^ 



■ o??9 

0 p 0 p 

p p p p 

p p p p 



! -'“ ?- 

f 

_ - '-I* 

:•• - >r 3 


^ s 

i • »■ 


^ r- ^rH 

• 





'J 

HM • i-J£ * 

i^r 

1 

i 


aw 



1 

his. i 

CliAiiis. 

fliS. 

(,'iiaiii^. 1 

llS'5 

• 

C'lllllM'3. 

^ CJlmiiis. 

1 

1 

• 

•0013 

/ 

■OOol 

• 

• 

9 

■0f‘S.s 

Am 

i(» ! •oi-jf) 

2 ! 

•0020 

5 

, -0063 

s 

•0101 

if; -0130 

3 i 

■003S 

0 

; -OOTf) 

9 

■ -011] 

I'i ; -OlO’ 



» • 

i 


• 



/ »* • • 

-9 7 as dooim.i] ^»f ii ciiaiii . — 

Oft. -- 'VMii 
+ 7 ins' ■ * , 

• 14o*J cliains. 

This Table may be used fo convert Feet to Links by 

moving tlm decimal point^wo places ; tliu#:*— - • 

^ • • 

5 feet = 7*€S links. 

;i:}i 





This Table also serves to converU Links, to^^eet, thus : — 
• 5 links 3-30 feet. 
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. TABLES O'AND 10 . 


A . • • 

TABLE V. . TABLE 10. 

— — - — — . rr — ^ ^ 


1 Minutes converted to Decimalst 


4 .. 

Seconds convei'tcfi to Decimals 


of a I>egrec. 

. . _ .. j 



111 a I)(‘gn‘(*. 

0 

Mins. 

Degs. 

Mina. 

Dega. ' 


8ccfl.i 

• , 

])eVs. 

• 


• D.-gs. 

* y 

•0]()7 

• 

31 

■5107’ 


• 

1 

'•(lO!*) 

•81 

■OtVsO 

o 

•0888 

82 

■5888 


0 

■(Kiyc, 

82 

■OO.'^li 

8 

•()5{)() 

83 

•.Vd)!) 


3 

■()()( Vs 

88 a 

■0M9-' 

J r 

•OOOT 

84 ; 

■•5<;o7 


*1 

■01)11 

81 

■(‘091 . 

•'* i 

•0s;j8 

85 

■5S88 


5 

•0t)l 1 

85 . 

•00t)7 

6 i 

• 1000 

:3(i 

••(iooo 


0 

■0017 

;ii; 

■OlllO 

7 . 

■ 1 107 

87 

•{‘>107 


1 

•0020 

87 

•IIJ03 

s i 

■ 1888 

38 ' 

■0888 


H . 

■0022 

.'is 

*01 0() 

9 ' 

■1500 

89 

■(mOO 


9 

•no2:< 

:it) 

■ 0+Ws 

10 ■ 

■ iruiT 

10 

■0ii07 


in 

•()(i:>H 

• io 

■Dili i 

11 

■ IS88 

11 



ill 

■Ui)3J 

11 

■01 I 1 

12 

•;>0()i) 

i 2 

■7,»()'J 


1 ^ 

■(i!i.i;i 

12 

•0117 

13 

•l^lOT, 

18 

■•riCT 

• 

■18 

•(i03t; 

18 

■0120 ^ 

1 1 

■281; 

! 1 

■7:188 


ll- 


1 1 

•f)122 

lo 

■ j.'ji II I 

15 

'7:Ioo 


15 

•0012 

15 

•0125 

• ■ 

u; 

■2* ’.♦‘•7 

10 

■7h;07 


i JO 

-0014 

ffr 

•1)12.8 

17 

•2S88 

4 7 

•7 -.88 


17 .-0(^7 

17 ; 


18 

■8000 

l.s 

■ MfUO 


Is 

•0030 

1.^ ' 

■(/L83-^ 

It) ■ 

■8ir)7 

49 

■:-'!07 


19 

•0053 1 

49 ■ 

■0130 

20 ; 

■;T888 

50 

■.S888 

• 

20 ■ 

•oooo' 

50 

•013!)-. 







• 

1 


‘-2I i 

■85(U) 

<31/ 

• .8500 

• 

21 ; 

•ooos 

T)] ■ 

•0LI2 

22 i 

■ 8007 

52 1 

■8007 


22 : 

•0001 


•0144 

28 . 

■8888 

53 ' 

■8883 


23 : 

■oo(;4 

.'33 J 

•0147 

21 . 

■4000 


•t)()00 


24 ^ 

•0(U)7 

•'3^> 

*'0150 

25 ! 

■ 1 ij;7 

55 

•9107 


25 ■ 

•0070 

. 5-) ' 

■0158 

2f> ■ 

;1383 

50 

• * 

■t)888 

% 

20 . 

•0072 

50 , 

■0150- 

27 ! 

•4500 

57 

■9500 


2? ' 

•0075 

57 1 

•0158 

28'! 

■401,7 

, 58 . 

•9007 


28 i 

■0078 

58 i 

#0101 • 

29 i 

■ l-^8i 

59 : 

•9S88 


2‘f ! 

•OOHT 

59 j 

■<)164* 

80- 

■5000 

1 

00 I 

1-0000 


30 1 

•0083 

CO i 

■0JP>7 


Kxamplk, -- 13 Minutes ^7 Seconds is -2167 -i- -0181 
= *2208 of a Def»iee. • , 

■()750 Degree ;()f)67 if-*- 0092 or iO Minutes^33 Seconds. 

Table 9 also serves to convert Seccfnda to decimals of a Minute. 

0 
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TABLBJ 11; 


_ 

r. 

TABLEb 11. 


CUllVES IN Dl^GTIKEft AND MFNUTES .CONVERTED 
TO'NADlUs 'lN FEET’ AND CHAINS. « ' ' 


1 

c 1 

^ ! 

tiO , 

c 

r 1 

0) 1 
3 ' 

a 

r< \ nil’s. 

f 

J 

o 

Sr 

c 


KADIU.S. 



c ; 

1^; ‘ 

Ft el. 

(’llS. 

Ft. 



Ft.(l. 

C'h'^. 

Ft. 

1 1 

• 

1 

5730 

HI) 

54 

H 

30 

499 

. 7 

37 

, i' 

30 

3S20 1 

57 

58 

12 


478 

■ 7 

k; 

' 2 ' 

< 

^865 1 

43 

27 

12 

50 

4.59 

■ 6 

63 

2 ' 

30 

229'A . 

•34 




442 

' 0 

46 

3 


1910 ' 

28 

62 

i 

30 

425 

6 

29 

. 3 ; 

30 

1G37 

21 

53 

14 


410 

f’ 

14' 

4- ' 


1433 

'21* 

47 

14 

.30 

390 

, 6 

0 

4 . 

30 

1274 

19 

20 

15 

38.3 

i 5 

53 

5 

«• 1 

i^ll4() 

.'7 

24 

15 

! 3.0 i 

37J 

5 

41 

; ^ i 

30 

1012 v 

15 

52 

10 

i 

3i59 

5 

29 


955 * , 

I'i 

31 

le 

1 30 

348 

. 5 

18 

() ' 

30 

882 i 

13 

24 

17 

I 

1 

33S 

• 5 

8 

7 : 

1 

1 

1 819 ; 

12 

27 •' 

17 

j 30 

' 329 


()5 

"7 1 

.30 

; 764 i 

ll 

38 

18 


j 320 

. 4 

56 « 

s 


; 7i7 1 

10 

57 • 

19 

1 

; ,3(53 

4 

39 


30, 

07 5 : 

10 

15 

20 

1 

1 288 

i 4 

24 

0 


: 1 

9 

43 

22 


‘ 262 

' 3 

64 

0 : 

SO*' 

! 601 ! 

9* 

10 

24 

1 

1 *2*40 

: 3 

42 

10 = 


i 574 j 

8 

46 

26 


222 

. 3 

24 

' U) : 

30 

546 ! 

8 

18 



207 

, 3 

9 

11 1 

1 

T" 


522 j 

7 

60 

» 

30 

i 

i 

193 

« 

i 2‘ 

61 


Note , — The Dejjree is the Measure of the Angle subtended 
by a 100 feet chord of the curve. 

Eri..]^.— Bad. = 50 ^ Sine h D”. 
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■ TABLE 12 


TABLE 12. #, / 

MiLi'is rM!:u Horiii H(ii:ivAnj-:NT*T() FKi/r vva-i 

• S1;^COXi/anM) SEC(JNI)?; l^KR*Qi:AKTl-yU MILK. 


Sx'toinls ner .Miles |H*r 
{ niilo. hour. 


Ket't 
se( onil. 


Sci'onils |) r Miles per 
{ jrnle. | lioin-. 


120 • 

7.V 

73. 

!)() 

H' 

77 

72 

, . 

8 1 

f;o 

: !-■) 

SI 

51 '4 

; 17^ 

•S8 

4 5 

i 2U • 

02 

40 

’ ‘95 

:h) 

! .25* 

93 

;{2-7 

i 27^ 

103 

30 

, . ;to 

lUG 

•27-7 

1 32 i 

no, 

25-7 

i .35 

ill 


fid 

6‘2i 
65 . 
G7i 
.'/() 

75 : 

80 

H2i. 

85 


RWiliS, — Jliles por lioi^v 900 seconds per i iiiilo ^ 
• Do. ' “■ Feet por second X i-} / 

ExAA^rw:.-- [f a traii% travels GO fi. in 1 se^jiid : 
alternatively, if it take3S 20 seconds to travel } mile, ^hen the 
speed is 45 miles per hour. 
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TABLE 


‘ TABLE 13. t 

. CURVED, -RULERS FOR VARIOUS SCALES. 
.PxAMPLFi. — A curve of 12 chains I’adi us will neetl the curved riiler 


No» 19 when the scale of Iho plan is 41 - 66 ft. to an inc.h. 


Rad.*j Rad.V 


Scales. Feet to 

an inch. I 

Chs. 1 Feet. 4 | 

-'"-I 

•iO 1 

•?'VI 

40 

a(>6 

60 |208-8:< 

1 : 66 .]6.i* 

8+1 

3+; 

— “ 

__ { 

— 

ft 

. 

2 132 33 ‘ 

J Oi' 

6i 

'44 

3+' 

— 



3 , lOM. 50 ! 

24|i 

10 = 

64 

■'i ' 

4+- 

3+ 1 , 

1 : 66 ■ 

33 ; 

13+ 

8+. 

64- 

6+ 

44 1+ 1 

5 ! 330 H2 . 

41 

ioi 

11 . 

8+ 

8 

54 14 i 

6 ■ 396 99 ; 

50 ; 

19+ 

13+ 

10 

'94 

64 -2 ! 

7 ' 462 115 

58 1 

23 : 

154: 

114 

'll 

7+. 2+ 1 

H 528! 132 , 

66 : 

26i 

174 

13+ 

12+ 

8+i 24 : 

[) . ft94 14.H 1 

71 i 

29+. 

19+; 

14+ 

14+ 

10 2+ 1 

lO'-' 600 105 ' 

82 . 

33 ■ 

22 ■ 


15 + 

11 3+ ; 

f IL 720, kSl : 

91 

30 

24+' 

18^ 

174 

12 34 : 

12 '/if 2' 198 ' 

99 : 

394 

264 

19+ 

19 

131 3i ' 

13 85H'214'i 

107 , 

13 ; 

284' 

214 

204 

14+ -j ■ 

M : 924; 231 i 

115 1 

40 

.sr 

23 

22i 

154 44 : . 

• 15 990; 247 ! IM 1 

50 1 

33 ! 

24 + 

23+ 

164‘*'4+ : 

16 1056: 264 , 

132 1 

53 i 

35 i 

264 

25+ 

174 5 

17 '1122' 280 ' 

1 10 ’ 

56 

38 ' 

28 

27 

18+ 54 i 

.18 ,f 188* 297 

14^ 

()0 ! 

10 ; 

30-’ 

284 

19+ 5+ 1 

•UL.I-^51 313 

\ 57 • 

63 = 

42 

31 i 

30 

21 6 : 

■ 20 1320’ 330 

'ifio 

06 ; 

44 ' 

33 

314 

22 . 6+ 


2li, 1419 355, 

177 

71 ' 


35.^ 

34 

23+ 6+ 


•33 ;15JH 379 

190 

70 > 

"50 ! 

38 i 

364 

25+ 7*i 

m 

25,1650 412 

200 

82 ; 

55 

41 : 

304, .274, 8 


27 ! 1782 ‘ 445 

223 

89 1 

•'59 

1 44 

43 

■30 84 


30 ; 1980 ' 495 

247 

99 1 

66 

1 50 

474 

33 , 94 


35 231.')! 577 

289 

cll5 

77 

1 58 i 

55 

...384; 11 


40 :2640| 660 

330 

132 

88 

j 66 

63 

44 , 12+ 


45 ;2970i V42 

371 

148 

99. 1 

je 74 

71 

50 i 11+ 


k) |3300 i 825 

412 

165 

;ll6 

82 

79 

55 : 16 . 


60 139601 990 

495 

198 ! 132 

99 

95 

66 : 19 


.;0 |4«20jll55 

577 

^31 

154r 

115 

111 

7^ 1 22+ 1 

80 |5‘280jl320* 

660 

264 

176 

132 

127 

88 •, 25+ ! 

100 16600:1650 

825 

330 

220 

165 

158 

1 10 : 32 i 


No. of (Surved ruler -- Radius in feet -f- Feet to an inch of scale. 

For 66' to 1" scale ; No. of curv\;d ruler --- ■ No of chains radius. 

For 38' to 1* scale ; ,, „ ,, - Twice ,, ,, 

L For 10' to 1* scaief ,, No. of feet radius 4 - 10 . 

This Table a/iplies to rulers which are* numbeieif with their actual 
radius in inches. '' 
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VabIiE 14. 


TABLE 14. • 

f 

' RADIUS OF CURVES FROM VERSED SINES MEAStJRED, 
ON 66 ^"EET CHORDS. , ' 

Uule . — If Vi is tte Viirsed sine Miousnred on a Jiftt. chot^ th» radius will 
be thab given below fgr 4 timet V,. 

j ^ ; • 

lifkdius. Radius. R%(lius Radius. Had Radius. 


ns. ! feet. ebiiM. ft. 

i ;2()iat) ..r 

i i 13068 lOB ... 

4 I 8712 132 V. 


1 I 663 1 
i I 5808 

1 i 5227 

2 : 17.62 
i I -1356 

1 , 4021 

3 1 3734 
• -I i 341^6 

2 ' . 3?67 
i!, I 3076 
■i 1 2904 

2 I 27.61 
J i 2613 

5 i 2489 
J 1..2376 

, i- I 2273 

3 ! 2178 

^ I 2091 
i ' 2011 
i I 1936 
i i 1867 

6 ; ^603 
i ♦ 1742 
I ; 16.86 

4 : 16 :M 

A I 15 fA 

i j 1538 
J 1 1494 
i I 14.62 
^ I 1413 
i- \ 1376 
^ ‘ 1341 


99 ... 

B.'i ... 

79 13 

72 ... 

66 ... 
60 61 
56 38 
52 5J 
49 33 
46 39 
44 ... 

41 46 

39 39 
37 47 
36 ... 
34 29 

«3/... 
31 45 
30 31 
i!9* 22 
28 19 
27 21 
26 2(i 
25 36 
• 24 49 

24 ... 

23 20 
22 42 
22 

21 27 
ao .56 
20 21 


nils. feot. ! iihii'S. It. 

5 ' 1307 ^19 53 

i !1275 "19 21 

.i • 1216 ! 18 57 

' 1216 I 18 28 

1 , 11.88 ; 18 ... 

5 : 1162 ■ 1? 40 

; 1137 17 15 

•5 1112 16 .66 

6 . 1089 « 16 ►33, 

1* 1067 ; 16 11 

i I 1046 .1 15 56 

s ; 1025 ! Ifj •:35 

* ^ I 1006 ' 16 16 


•JKJ 1 

9GH 

* r , 

14 

H 

950 

14^ 


933 

11 

9 

917 

. 13 

59 

901 

!13 

4;i 


J 1 8f^) I 13 28 
i j 871 i 13 13 
^ ! 857 : 12 65 
i : 843 ' 19 51 
I I 8.30 ! 12 38 

8 •jVH17 1 12 25 

i 1 792 i 12 ... 

4 ! 769 i'll 4.3 
i *'747 ! H 21 

9 i 726 111 ... 

i I 707 1 10 47 
i ■ 688 10 28 

^ : eTl ‘ 10 11 

— Radius in feet • 
(6534 ^V'J feet. 


MIS. ; 

10 Of)! 
i 638 
i 623 
i 608 

11 594 

{ 581' 

h '569 
f ; 667. 

12 :.645 
i i 634 
i ;52K 
h .:623 
^ , 513 

13 ;603. 
.y I 491 
i i 185 

? :476 
.14 : 167 
i I 463 
i I 459 
I 1*4^1 
5 444 
15 l5f> 
i, 429 
4 422 
i 416 
If) 409 
. 4 I 397* 
17 385* 


clia. ft. 

: 9 00 
' 9 41 
i 9 29 

i 9 14 

! 9 ... 

! 8 53' 
T? 41 




8 17 
8 6 


18 .364 
i I 354 

19 j345 
4 I 336 

20 '328 


7 51 . 

’7 41* 

7 82 

*7* 

7 14 

7 T) 

! 7 •'1 

le 63 

1 6 55.^ 
6 48 

f) 40 
6 33 
6 flff — 
6 '20 
6 13 
6 tn 
5 55 

5 44 

6 34 

5 24 m 
5 15 
5 6 

14 64 





TiBLB 15. 


TABLE 15. 

4 


•UADUW oy CUliVKS FllOM VHI^ED SINES 
• AlEASIlfJl'D ON 3;} FEET CHORDS. 


Vers. 

Klul. 

•itail.* 

Vers! 

Had. ' J&d. 1 

V ors., « , 
i Rad. 

RiiJ < !• 

Mine. 

1 


1 

sino. 

* 


nine. 1 



Ills. 

ft t‘l. 

chs 

ii.*’ 

ins. 

i chs. fu 

ms. 1 fee‘u. 

chs 

■ft. 

3 

:i45 

H 

17 

51- 

/J07 1 1 

33 

'0 1 182 

2 

50 

A 

o23 

7 

01 

v; 

2!)0 ; 4 

20 

fi i 172 

2 

40 

J 

4 

rj03 

7 

41 

; 

2S1 . 4 


V) 101 

2 

32 



7 

22 

7 

270 I 1 

ir> 

160 

2 

24 

, ^ 

no? 

7 

0 

0 

272 ^ 4 

S 7 

11 1 10 

2 

17 



i\ 

00 

1 

207 4 

« 1 

• 

3 

4 113 

2 

11 

•J 

1 

•13fi 

6 

40 

1 

T 

202 ! 3 

1 t 

' 04 

12 ' 137 

2 

5 

• 1 

42:^. 

6 

20 

Ji 

• «« 

!ir,(;4i 3 

1 

5Hl 

4; 131* 

*i 

6.6 

^ 1 

JOH 

0 

12 

1 

2 

2.r2 1 3 

o4* 

13 : 120 

i 

00 

1 ^ 


*r, 



247 j 3 

40 • 

i ; 122 

1 

66 



t 

0 4* 

€ 

1 

213 1 3 

46 

14 ' 117 

1 

.61 

■> 

i M 

; 373 

/3 

13 

1 


238 : 3 

40 

4 ‘113 

M 

47 

m 

~} 

; 3ii3 

! 

33 

7 

231 :3 

30 

15 110 

1* 

44 41 

• 4 

• 3o3 

! •' j 

23 

i. 

t 

2'2f^ 1 3 

28 

lOf; l’b3 

1 

37 

.1 

4 

: 314" 

! 0 

14 

1, 

•218 ' 3 

20 

17 ! 97 

i 1 

31 

h 

xfr: 

1 

0 

o 

.•/ 

4 

‘211 3 

13 

1 Cl 

18 , 02 

1 

26 


327 

4 

' 03 

8 

20.5 ; 

« 7 

19 1 87 

: ! 

21 


3J9 

4 

f)5 

1 

d 

, 198 : 3 


20 82 1 

^ 1 * 

lOi 

•i 

3ft 

4 

■r^ 

1 

‘2 

. 193 ' ^ 

! 

01 

22 ' 'iV') J 

' i 

• 

9 

A 

‘ 304 

, 

4 

40' 


1H7 U 

1 

.75 

24 1 09 V 
20 * 04 ' 

, 1 

3 



""" 







Kt'LH.— -Eaclms in feet 

C 


28 i 59i ... 


4 



(J633»o V") + J feet,. 

‘ « ^ 

3a ''»67 

1 

... 

... 
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' TABI.E 16. j 


TABLE 16. 


VERSED SINES & OFl^SETS ON VARIOrS CflORDB 
FOR CURVES OF G1VE:^,KAD^. ' ' 

f Fcyi' settinij out curves, h ndimf mils, inca^iirhii o/'- of vfJiirliS, ctrJ 

• 1 /J* . 


V- Versed Sme , 

JFiQ^BC~CG"CF^ Sul) chord 
/IE •EC*‘ BD ■ Hall' jh'jrd 


\a 


A’.'/t'.s’. — ''I’lii: \ LTS'.il fi’-n -, ii3'(' to the n^-arest i,'. 

]^‘ln\v t’no ilarh liiioB Jt imikcK ni^cliffcronce tolhoA'. v/lw*l.)ir»r 
A(’ or IS LiUoii as Lhc lived leii'j'Ji. 

'fill* Sr,b I'liord'^ -ii Use Isist- coliiniri are lo nr:n‘''hl \ ^ 

TIso Half nsonP(K(b .s V' U -• U.ai! lU' ,iP jdace ^narked 

.{ ' li-.-jh life H-, and V' I*'-"’ '• » , • 

Tlio Vcisod -.iiiOB \a) \%s till ‘•<)SiiLi»‘(if the or.l, Tdiorebno 

, YcikmI sarftus It'Ou'th'^ AJ>(‘ soay easily hi; 

-cAtaii'cd. for e.vanspio: - * * , 

V for til)' } of t]»ni for I 'iV: \ fd!* o(^ j* ot t!)ai foi ’iOft' : ete. 


,, , ■ N'cm'b. sines tl5K) or oti'si.-ts IDI') in feet and 

A I 


Ch. ft.'feot, ■ *.J00' i:\y 


l){V 


IV 40' 


My 


I V- 


1 u! 

1 34 

1 ;j9 

2 in 

2 43 

3 2 

3 4? 

4 0 

1 36 
6 0 
6 20 
6 4 

6 54 

7 0 


f Go!s3 


I ilii. HIM. t'. IMS. I't.iDf.. fMiis. (t.ius. ft ii s It. ins.' ft. ins. 

4 3t) 357 ()*t 2:3 4 , 2 ' B’,1 10'; lOlli 
0-.; 6, 27 2 1-) 7i.l 2:2 6' 2 Oti i 1^ *12 
60 (J ,21 9^4 6^ 6^2 0 !l TU IJ J4 la 

“ ‘ ' lOi 15 9f 

*•& ! 17 35 

•is 7 ;12 rq2 64:1 5-,l ]• Ilii 7i IS 84 L. 

‘25 OilOlOi^ iSU 3^il 0; 9^i Oa 20/frX^ 

20 10 ' 9 041 1041 1 Ojj 10 . S-ii Cii 2 iri 0 -- 

tS 111. H 3 .lySi ll^i 
lOij 
H\ 

8^i 
7Ji 
m 


Hf 

100 

125 

icol 

,175 

2()t) 

24('i 

2(51 

3(>0 

330 

350 

400 

450 

462 


40 0 ;17 543 7i,-2 Oj 1 7i]_Jljj 
)3* I ' 1 1 (513 0 il 8i'l 4 'I 1 I 

llil 
9^i 

8-ii 

n\ 

64 


1(5 8 i 7 .341 (5 

15 1^1 6 74 1 4| 

14 3^; 6 2i41 3i5 

12 (5 ; 5 5^1 14 : 

11 If 41041 0| 

fi?! I OJtj IIMi 


iO, ll|l 


6|! 


r 

6 : 


6| 

51 

44 


Of 20 

5^ 2 

f* 22i;f 
44 24 6 
44,125 84 
34; 26 64 
3f' 28 34 
3 30 0" 
2f 30 *4f 


(COIlfZlIMfrf.) 
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TAJJLE 16 . 


TABLE 


-continued. ^ 


Vere. sines (BE) or offsetr (1)C) in feet and 
inches for lenf^ths ABC of : — 


Cli. ft. feet ' 

^■0' 1 

(id' 

- 4/ 

45^, 

W i 

! df,' 

'MY i 

when 
V- 1 ft. 

j 

h. ins.il. 

ius. ii'iK. 

ins. 

IIW. 

mb. 

ins. ; 

ft. 

in.s. 

7 3b' 

50010 0 

‘4 

ii 'lOj 

H ■ 

a 

■1 ; 

■ 1 

31 

7i 

H 0 

r)28' 

y 55 

4 

U iOi 


■H 

n i 

2^ ' 

.T2 

() 

8 22' 

ribd 

!) 1^ 

3 114 - 91 

i o4 

if 

■H i 

2k 

33 

2 

\) O' 

59‘i; 

H 5 ^ 

3 

8 !)i 


4' . 

. :ii 1 

2^ 

34 


9 fy 

000' 

8 4 ■' 

3 

74 f) 

5 ' 

4 

•‘H 

2^ 

4 

34 

V] 

10 0 

(iOO 

7 7 

3 

^ii 


n 

'.1 

O 

30 

4 

10 40 

700 

7 13 

3 

Vi 7^ 

. 

4 ’ 

^ N . 


- 1 

u 

37 


IJ 0 

72() 

(i 10s 

3 

0 74 

■ta 


' t) 

“■ff. ' 

1'4 . 

38 

J} 

.12 0 

7M2 

b 3 ,’ 

) 

y « (;; 

■n 

a 

■ ^ ' 


39 

9i 


L2 R-bOO (i 3 
t:3 0 85B 5 
13 42, 9(j0 5 6i 


14 0 O'il 

f) 

4^ 

2 

n 

-'h 


2f 

0 1 

H 

u 

43 

0 

15 0. yyoi 

0 

0£ 

2 

24 


! 3' 

2| ' 

0 

1 ^ 

44 

() • 
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TABtiE 17. 


TABLE 17. • 

• • 

DECREASE IN LENGTH OE INNlilR RAIL OJi 
C(:RVE*§. (iaugo^'.S^" / , 

Rules F(in 30’ HAILS >- • * 

* • * ■ * 

Fiinlins ill fcMii Dodroaso^ii indies. 

^ocrea^'O in nidics " MiOo Radius in foot. 

,, 2.V68 -i- Radius in dia^ns. 

Xi‘Us . — TJjc drcmisos for J."*' and fiO^rails are 1.^ and 2 times tliosc 
for ;iu' rads. Ijeciiiise. JocMoase is |jro))orliniml tr> rail 

I >( c.rca.sfs for otli^r nuiy 'no olaamoil liy limit iplyni^ Llif 

d(‘i-iTvisi-s for [' by t»L;nrrs m ’I'abl' 20; tlnis with htinie nidiiis, 
docroii'^e for X 2" 1 11 tones that for I' sV <fau£»c. Kofer also 

to 'I’abie 17 m * • 
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rad. 
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.307 1 

5 

27 I 

i 

yt7 1 

12 

55 

2 

B 

348 1 

5 

18 1 

7 

fi 


.79H ; 

12 

(i 

L 

\A! 

3119 ' 

5 

9 1 

.0 * 

i. 
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■ TABLE 17a'. ■ - ' . ? 


Tj\BLFj 17 — continued. 
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i * * TABLE 17a. 

•• . . • 

DHCBiOAS]': IN LENGTH OF INNJ'IR HAIL ON CURVES, 
* FROM VERSED SINE (V) ON RAIL LENGTH. 

Gauge 4' Hi''. • , 

A ^ A 







•TAMiE J8- 


* TABLES 18. . 

TIIEORETlCAti SlTPER-ELI?VAT[ON.’ . 
^ 5 ". Centre to Centre of rails 4', 11 ". 

Rui.u.v o -Ofi f ^ 

V -- VjlocitiV in miles pov^iour. 
li ■ Hiulifis of (^invo in nluiins* 
o -- Snni'r-rJu'wition in incfios. 


-i in !- 

in i in 
rhs, Ifpct.l 
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•28 

4 


1 

14 ' 24 

3 

34 


6 



;S0 1980 

2 

5* 


• J 

U 

•24' «i 

4 

5 

r> 

^•■*4 

55 la:} 10 

2 

■2i 




i ! u 

•24 

‘^5 


•n 

-V- 

Oil 7-} ^‘i{ 

10 l-ieiir 

2 

10 : ‘2i 


• 

V lii 

u 

•23 

;•> 

!■{. 44 

53 ’ 63 ■ 71 

50 1^00 

1 

41 

2 



•?: n 

14 

14 

a.3 

;} 

3S 

n! Si if 

60 1:1960 

1 

•27 

Vk 




ij 

IS 


2A 

f! 

ssi^i 14 ' 

70 j462b 


n; lii 



, _ i i 

1 

•is 

1^' *24: -26 

3A! Hi: 4i 

80 '5280 

1 

5 

14 




1 

li 

lA 

11' 2i 

‘2}i 34'. ;i« 

100 '0600 

0 

52i 1 



■■ 

s 

1 

11 ' 14 ' M 

24 , - 24 ! 3 


‘JU 

ii.V 

‘2-") 

*27 

•A" 

”:ib‘ 

Ti‘2 


.i7 

’41” 

'4s«" 


*■•70 


The Super-elevation (e) decreases proportionally to the in creiise of radius, * 
thus for 120 chris. radius ®wiH be one half thi^ for 60 chns. radius.^tc. 
Tor f^ouonil aug^stioiisj as te*Super-elevatiuii, see Chapter IX. 

* Keconimenled with first class traefe in good condition. 

* I 
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TABtiBS 1*3 AND 20. 


. TABLE 19. 

FOR OBTAINING PEACtICAL strPER-ELEVATJON, AFTER 
' * THE THEORETICAL ELEVATION HAS BEEN 
, \ Ti«AEN FROM TABLE 18 . 

(As suggested in^'Chap. IX.) (PracticaV S of Theoretical.) 


Theorotical, 


i\( riKs. 


Elevation. 1 li UI ij J i U 1 1 1 4 -'i '21 
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Note . — To lind Super-elovatiou for other gauges, multiply tliij elevation 
for 4" S.V' gauge, by figure.sin Tabic 20. , 


, TABLE 20. . • 

PROPgRTION OF VARIOUS GAUGES TO 4' 8-1" 

'(For app'iyint; TaUieH 17, in ami 19 to ollifr tanged. 
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Note . — In this table the aesnniytinn is made that tSo width of rail 
head vvies in proportion to the Gauge. 
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TABLE ' 23 . 



* Wherever these Rules ;ire cjuotetl lu the book tbtir Nos. are^p^'ccevlefl b> 




TA ljE 1^3 — cojitui ued. 








SWITCHES AND CROSSINGS. 



* Or t-ike theareciprSi^l of the result arftl (t oy W. ico7iti>ut^ci.) 
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TAj31-E 27 — contiitued. 



350 





f 




TA^LE 27 — 'continued. 






, TABLE 28. 

ANGLES OE S.WITCHES IN DEGEEES WITH COSINES AND COTANGENTS. 


A^l>B 28, 
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TA BLE 2 9. 


\ 

. TAlBLE 29. « 

( 

LENGTHS OF SWITCHES, 

In relation b;> the (Jurve, the Grossing Angle, and the Lead. 


Gauge 4ft. 8 ^ 2 m 8 .* 'ilool divergence (H) 4/^ins. l 

t I • 


Switch 



MAXIMUM 

t 


length. 

Eciuiv. Kadins (U*. 
-S'-'-:- -SSl-*’ 

Crossing Angle (N). 

Ijend (L/. 
-SX4-08 

_Ft_. (S).,_' 

Ft. _ 

(Mis. 

ft. 


Ft. _ 

ius. 

6 

107 

1 

41 

3-43 say 3 yi 

24 

6 

9 

240 

3 

42 

5-14 „ 5 

36 

9 

10 

296 

4 

32 

5-7! „ 0^ 

40 

10 

12 

427 

' 6 

'31 

e-H(5 „ 

49 

0 

14 

580 

8 

52 ■ 

'8-00 8 

'57, 

2 

15 

fiC6 

'lO' 

6 

8-57 „ 

61 

3 


t . t. A J 

.11 

32 

’ 9-14, „ 9)i 

65 

3 

.'18 ' . 

960 ; 

11 

36 

: 10-30 „ 10 '4 

J 1 

73 

9 

20 

1,185 

17 

63 

: 11-43 „ii}i 

1 

81 

7 

31 

1,306' 

19 

1 

52 ' 

, 12-00 „12 ' 

85 '■ 

8 

24 

1,706 

; *25 

1 

56, 

; 13*71 „T4 ' 

i 

98 

0 


EXAMPTiB.—According tc/. the above 'table, 15ft. ev^'itch 
should^ not be used with a Eadius of mor,e than 
660ft., nor with a Crossing inore than 8 )^, nor with 
a Lead more than 61ft. *3ins. 

Noies . — The B, bi^t not the N and L, apply tb aiiy ^auge. 

(With 4in. H, the R may be 12% more; with 4^in. 
II, the E should be 6% less. 

S. iThe table is based on C.L.M., but the use of E.A. 

i or IsuacqJ;es M., will nof^ appreciably alter tlve 

dimensions. ' 
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taSlb 30. 


• IV^^BLESO. • 

CROSSING ANGLES BY CENTRE LINE MPIASURE. 

• ^ 

Converted to Degrees, aAd to Eight /tifgle anS Isescoles 
Measures ; alsy their Trigdnomotrical Eatios. 
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' 

ih 
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. 
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2t : 
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H : 
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4i 
4^ ; 
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5i 
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o:v : 
6^ 1 

7 , 
714 
74 i 
7.^ : 

8 I 

8l I 

84 I 

8i{ I 

9 

n 

9 : 

91 


I 


Ootf M. 8. 

0;} 7 48 
47 55 30 ■ 
43 36 10 
39 57 58 * 
36 52 11 
34 12 19 I 
31 53 26 : 
29 51 16 ’ 
28 4 20 
25 3 26 , 
22 37 11 ! 
20^3ff 34 
18 55 28 , 
17 29 32 I 
16 15 36 : 
15 11 20 i 
14 15 -- ! 
13 25 10 : 

I 12 40 48 : 
12 1 4 , 

II 25 16 

10 52 so- 
lo 23 19 1 
9 56 22 : 
9 31 38 I 
9 K 52 i 
8 47 50 = 
8 28 22 . 
8 10 16 ; 
53 25 
37 40 ! 
22 58 
- 8 
56 10 
6 43 58 
6 32 26 
6 21 34 
6 11 16 
6 1 32 
5 52 16 



8001 

742:! 

6896 

(i423 

6000 

5621 

5282 

4980 

4706 

4235 

3846 

3520 

3243 

3006 

2800 

2620 

2461 

2321 

2195 

2082 

1980 

1^8 

lij03 

1726 

1655 

]#90 

1529 

1473 

1421 

1373 

1327 

1285 

1245 

1208 

1172 

1139 

1108 

1078 

1050 

1028 


nooouoo 1 

6701030 1 
7241370 

■ 7661234 j 

■ 8(K)0000 ! 

' 8270270 ■ 

8490564 • 

, 8f)72200 : 

! 8823530 ’ 

' 9058Ht2 
ji9230770^' 

' 9360000 ' 

' 9-459460 
: 9537572 • 

' 9600000 I 
I 9650655 I 
9692308 ’ 

. 9726962 . 

' 9756098 ; 

! 9780822 : 

‘ 9801980 ■ 
i 9820224 j 
! 9836065 
I 9849906 j 

■ 9862070 
: 9872814 
, 9882353 
! 9890860 
' 989847? 


9911504 
991709?, 
9922178 
9926806 
9931034 
9934906 
9938462 
9941733 
9944751 
I 994^41 


a I eb I 

0^ \ z s: * I 

BF j 3 < '• 

Cj ! ^ ^ I 

^ ' 

! 


•750 
■903 
1-050 
I ■ 193 
' 1«333 
' 1-471 
1-607 
1-742 


3333 
1077 
9524 
8381 
7500 
6797 
6222 
5742 

533;^ l-8i5 
4675 ■ 2039 
4167 , 2- 400 
?176f. 2-659 - 
3429 I 2-9ft 1 
3152! 3173 1 
3-429 ; i 
3-6W3 : 1 

3- 937 ; 1 

4- 191 
2250 i 4-444 ■ 1 
2129 . 4 -697 i 1 

■%020 4-950 '1 
1922 i 5-202i 1 
1^33 I 5*455 I 1 
1752|5-7m5 1 

5- 958 1 

6 - 210 1 
(f-461 1 
6-713 1 
6-964 1 


6667 
4923 I 
3810 ' 
3048 ’ 
2500 
2092 ■ 


1-250 
1-347 
1-400 
1-557 
1-6W 
1*779 
J 7'<8 , 1-893 
15.T1 2-0i)8 

1334 2-125 


2917 

2715 

2540 

2386 


1678 ! 

1610 I 

1548 j 
1490 
1436 1 


1039 
0833 
0084 1 
0571 
0485 


2 - 361 
2-600 
2*841 

3- 083 
3-327 


1- 118 I 

I 1-231 
. 1-346 

■ 1-463 
1 1-581-1 

1 ■ 700 
' 1-820X 

■ 1-941^' 

2- 061 
2*305 

, 2-549 i 


04 17 3-571 
(mTr;nfn^i 
0318 ■ 4-062 
0281 

0250 I 4-555 
0224 ' 4-803 
'0202 ' 5 -050 


! 3-04 

■ 3-288 
•3*53,> 

■ 3*783 
4.(^1 
^279 
4*528 
4*776 
5.i|25 


V *1386 i 

7*215 : 

1*0096 

■1339^ 

7*467 ! 

1*0089 

•1296 

7*718 1 

1*0084 

1255 

^7*969 

V0079 

•1217 

8*220 

1*0074 

*1181 

8*471 

1*0069 

•1147 

8*721 

1*0065 

illlS 

8-97? 

1*0062 

•1084 

9-223 

1*0058 

•1066 

9*474 

1*0056 

*1028 

9*724^ 

►1*0053 

• 


0183 i 5*298 j 5*274 
0167 ‘ 5*545 
0152? 5-793 
0140 f?042 
0129 9*290 
0119 . C-5S8 
0110 i 6*787 
Olrf/J I 7 -036 
7-284 
7-533 


8-031 
8 -230 
8-529 

8- 779 

9- 028 
9-277 
9-526 
9*776 


: 5-523 
! 5-772 
j 6 021» 
: 6-270 
j 6-519 
I 6-768 
1 7-01.9 
1 7j^68 
. IT 51 7 

7- 767 

8- tf6 
8-266 
8*515 
8*765 
9*014 

j 9*264 
I 9*513 
i 9*7^3 


0 
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TABIiB SI. 
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TABLE 80 — continwd. 


An^le of 
Crossing 
C.L M. 

$ 

t m 

Vh-K. M. 8^, 

S 

0) 

4a 

a 

S) 

§ 

1 1 
iSIm ; “ 

CJ 

Isosceles 

Measure 

10 

5 4:1 28 

•09!)7 

'9950125, 

■1002 

( ' 

9 ■975 ll^OOoO 

10-025 

10-012 

lOi 

5 27 9 

■0*150, 

99547^1 

-0955 

10-476 110045 

.10-524 

10-512 

11 

12 18 

*■0907 1 905S702 

■0911 

10 '977 1 1 0041 

11 -023 

11-011 

114 

4 58 44 

•08tiH 

9962264 

■0871 

11-478 1 1-0038 

11 -.'>22' 

11-511 

12 

4 46 IS 

■0832 

v.)96r>:338 

•0835 

11-979 i ]-00:-i5 

12-021 

12-010 

12i 

4 :14 4V2 

•0799 

9968051 

■0801 

12-480V 1-0032; 12-520 

r2-.510 

13 

4 21 18 

■0768 

9970458. 

■0770 

12 -981 il-OOSOi 13-019 

13-009 

13A 

4 14 31 

■07401 997200.H 

■0742 

13-481 ■ 1-0027 

113-518 

13-509 

14 

4 5 27 

■0713 

9074.522 

•0715 

13-982 ! l-*026 i 14-018 ■ 14 009 

15 

3 49 4 

■0606 

9977802 

•0667 

14-983 1 1*0022 

115-017 

15 00S 

10 

3 34 46 

.•0624 

9980488 

•0626 

15-984 1 -0020: 16-016 

16-008 

17 

3 22 10 

•0588 

9982714 

■0589 

16-985 |l-001c7i 17- 016 

17-007 

‘J8 ! 

! 3 A) 54 

'■0.55.') 

09h45HO 

•0056 

17-986 1-0016! 18-014 

18-007 

19 

i :i 0 54 

■0526 

9986159 

■0527 

18-987 ; 1-0014 

19-013 

19-006 


! 2 5J 50 

•IV50(I 

9987008 

•0500 

19-987V 1-0013 

20 -0125; 20 -006 


/ , table 81. 

'irHN'Ol'TS I’JUl.M A STIIAKI^IT MAIN LINE, 

% 

Wlth.a^^'terl Hhgle &f Crossing by Csntni Line Measure 
t'l and n. Straight Switch. 

-» "x ( 

Ijiuigc' I ft. iS.Jius. SwiO-li tlivoi'guiu't* 4.Juis. 

('Itcler to- L'ig Xili. — 1.) f 

Lead is distancv on straight from Fiwytch heel to firiS 
])oiiit of i'rossing. t ^ ' 

* I'or tlur- fji'rul moasurod along Itu; curved turnout rail, 
divide 18 ihche>i by tho^ Number of the Crosjsing, and add 
the r(»sul\ lu Hu* Lead on the straight. 

Radius is *of i-urve between Ik'cI of switch and (Crossing 
point / t 

Verged sins is on abote eurvo If the string for setting 
tli6%*\ersed sine, is^tied to«bliiiit nose of crosSsin^, 4he slight 
"increaso *in the. versed sine is negligible. 

This Table is based on Rules la, 2a, and 8a in Table 25. 
The number in 7tb eplnmn in<Jientes whether the switch is 
suitable to the crossing, the ideal recommended being 1-75. 

• For the applitCtion of this Ta*ble when the main is 
curved, see Chapters XIII. gnd XV. 
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TABLB 31. 

^ 

TABLE 31 — cojitiAued. • 

For Switch fengt^nct included in Table: thA I.end. 
liadius, and Versctl ^ino ^nay bo nbtainod bj- prdpprlinn ; 
e.ij , for 18ft. s^witc'h take tbo average of Leads, etc,, shown 
for 16 and 26 feet switoifos ^ 

4,5-ins. Heel divergence. — The last Vf',]iiiinn skews ilu' 
doerease in tlie Lead# a.s eompaftid witn that lor -l^ins. 
.iivergeiice. Exiunf^le: hjr 1 in fcf Orussiiu' •Uift. swiloli, 
'Lj'ins. (flvergence. the Li‘.a<l vill bo 58(1. tins, loss ^lius. - 
57l't. 7ins. The lladii will bo prardic-aWy tlio same. Tho 
• Versed sines w’ll btf^^iri. It3ss. • 

Irish Gauge. — Wiih a Oangi* of .76. ojns and 'J^ins 
S\\itcli heel divor^in'o, tbo L(Mds, Ibulii. and Vo^’sod siiu's 
may hi- obtainofl ^bv adding i to tlios(‘ in this Table. 
Exarfif)lo- — (b'ossing 1 jn (S, Swiltdi 176 

Lead • Badiiis. Verged sine.*. 


With 4' sy Gauge 

57' it" 

780' 

85" 

Add i » 

7' 2r 

"iy 

1*" • 

• 

Gi\ing fur 7' 3" Gang#... 


•072 V 



'rbis is i)t^(‘aus(‘ with tbo sjiino *b^td ^livcTgi'noo ( If), tile 
Tit'ads, Radii, and Vt.Vsod sines are proi)ortiona.l to Gauge 
minus 11. • • 

. » . 


H>I jQ , > 

Switch 

m 

Lead. 

liadiUB. 



• 

Kadius. 

Vornod ' 

>> rTf, 

■sj i 

• u 

n. 

•. “ ' 

length. 

' 


; 

HlllO. 1 

• 

■gu 


Feet. * 


IIIB. 

Feet. 

j:Jhs. ft. 

• 

Iim. 

cw o 

Ft. ins. 

1 

6 


0 

10-9 

12 

6*00 

L 

li 

6 

9 

u 

15-8 


IJi 

4*f0 


H 

6 ^ 

Ti 

9 ♦ 21-9 

...• 

10^; 

^•OO 


If 

6 

13 

6 

29 1 


lOA 

3-43 


2 

• 6 

15 

3 

57»5 


104 

^3-00 j 

li 

2l 

6 

17 

0 

47-(l 


9-J 

2*67 I 

✓ 

.2i 

6 

IB 

7 

57.8 

• 

Oi 

2-4()- 


2f 

•6* 


3 

69-8 

1 . 4 : 

1 

2*18n 


. 3 

*6 

21 

9 

83-2 

1 17 

! 9 

2-00* 

3 ' 

3i 

C 

23 

3 

97-8 

1 32 

81 

1-85 


3i 

9 

24 

8 

95-3 

1 29 

92- 

2-77 

• 

3i 

6 

24 

9 

113-9* 

1 48 

8f 

1*71 


3i 

9 

26 

k • 

5 

M.0-7 

*• 

1 46 

#. 

2-67 

i 

• 

i 
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TABLE 31< 




! 

i tABLE 31- 

r' '1 

i 

i ! 

Lead. R<fdius.| 

f ' 

, ' 

-contmued. 



Angle of • 
crossing by 
Clv-M. 



Switch 1 

i 

length. . 

« 

f' 

c. 

Radius. 

c 

4 

VCTH. 

sine. 

Switch by 
O.L.M. ‘ 
of crossing. 

Decrease 
in Lead for 
4|in. H. 


h'eet. ! 

Ft, 

Ills. 

Feet. 

Chs. ft.V 

Ins. 

! Ft. ins.l 

3L' 

6 •! 

26 

2 lai-i 

1 85 1 

8i 

1-60 . 


■Ji i 

9 ! 

28 

0 127 -2 i 

' 1 61 ; 

9^ ' 

2*40 


4 j 

j 1 

27 

7 = 

150-3 i 

2 18 

72- 

1*50 

5 

4 1 

y 1 

29 

B 1 

144-9 ! 

2 13 i 

' 9i 

2-25 


4 1 

12 i 

30 

9 143 -1 ' 

2 n ' 

10* 

3-00 

4 

4} i 

6 1 

29 

0 

171*0 

2 39 

,/li 

1-41 


4i 

9 

31 

3 

164-0 , 

2 32 

9* 

2-12 


41 1 

12 

32 

5 . 

161-6 

2 30 

10 . 

2*82 


' 44 i 

* S 

30 

4 1193 0 

2 61 

7* 

1*33 


44 

9 

32 

9 

185-3 

2 52 

8* 

2-00 



. 13 

'\34 

2 ■ 

181*3 

2 49 

9^ 

2*67 


4^ 

9 

34. 

3,' 

206 

3 8 

sa 

1-89 


0 

12 

35 

9 i 

202 

^ 

9* 

2-53 


0 

9 

35' 

9 i 

229 

5 31 

' 8* 


6 

^ rj 

12 

37 

» ; 

*224 

3 26 , 

9* 

2*40" 

5 

54 

! 9 

37 

3 ‘ 

253 

3 55 

Bi} 

1-71 


* 0 -i' 

. 

a.?>9 

0, 

248 

3 50 

9il 

2-29 


M' 

9 i 

38 

8 ; 

279 

4 15 

’ 8* 

1*61 


% 

..12 ; 

40 

7 

272 

4 8 

9i 

2*18 


5^ 

9 ' 

40 

2 

306 

4 42 

8 

J-57., 


5J 

12 

4? 

2 

298 

i. 4 34 

9 

2*09 

« 

0 

9 

If 

.6 1 

335 

1 6 6 

7* 

1-50 

8* 

0 

12 

i 43 

9 

326 

i 4 62 

8^- 

*2-00 

7 

64 

9' 

1 42 

u- 

365 

j 5 35 

7* 

1*44 1 


'■ 64 

1^ 

1 45 

3 

354 

' 5 24 

8J 

1 1*92 1 


64 

i . 9 

1 44 

3 

‘ 308 

6 2« 

71 

;a*38 


64 

■ 12 

; 46 

9 

384 

1 5 54 

8# 

'■ L-85 


k.64 

15 

j 48 

5 

378 

1 5 48 

1 9S- 

i 2*31 ' 


<v4 

i 16 

: 48 

10 

377 

i 6 47 

94 

; 2*46 


6? 

i 9 

45 

7 

431 

6\ 35 

7^ 

L-33 

1 

<.6^ 

!'^12 

48. 

3 

416 

; 6 20 

8**; l'-78 


■ 6i 

i *15 

60 

0 

409 

! 6 13 

9i 

2-22 


6J 

! 16 

50 

6 

407 

i 6 11 

9i 

2*37 


,. 7 

i 9 

46 

11 

467 

7 5 

7* 

1-29 

10 

7 

1 12 

49 

9 

448 

• 6 52 

8i 

1*71 


.7 

1 

51' 

J 

440 

6 44 
u 

9i 

j 2*14 
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T A BLE 8 i — vont inuecl. 


31 . 


G . 

length. 


1 

1 

Lead. 

\ 

• 

Radius. 

Kadfus. 

vers. 

. 

-I- 

I_ 


• 

• 


smc. 

1 


1115^ 

Feet. 

Clis. Jt. 

lys. 

1 

; 62 

1 

'439 

6 43 

9,5 

'•2 

. 

2 

483* 

7 21 

Bt 

J 

1 63 

i 

473 

7 11 

*9 

2- 

S3 

*8 

472 

7.10 

9.} 

2 

i S2 

7 

SIB 

7 66 

Hi 

1 

! H 

607 

7 46 

Bff 


1 65 

3 

506 

7 43 

. 9i 

1 2 

.'.S4 

0 

655 

8 27 

7i 

1 

I 6() 

3 

5 1 3 

8 15 

Si- 

1 

i 0() 

10 

5 10 

8 12 

9 

n 

65 

.'T 

594 

9 0 

7?« 

1 

57 

9 

680 

U 62, 

M 

1 

SB 

4 

^77 

8 -19 

Hi 

! 2 

50 ^0 

634. 

9 40 

*71 

: i 

6!) 


Gi9 

9 «6 ^ 

H* 

I 

1 59 

.LO 

615 

9 21 

1 ‘^4 

1 

: 68 

0 

676 

10 16, 

74^1 

60 


658 ; 

I 9 01 

Hi 

1 

61 

6 

! 654 

: 9 off 

• Ha 

j. 

' 62 

2 

099 

10 39 

8;! 

i 1 

62 

ll 

095, 

10 35 

B-i 

: i 

63 

7 

742 

11 10 i 

. 8i 

, 1 


4 

737 . 

. 11 11 

Hi 

' 1 

7)6 

9 

725 1 

! 10 05 • 

9i 

2 

65 

0 

7H6 I 

11 60 

8i 

4 

T.f) 

10« 

7.81 i 

11 ^5 

Bn 


. 68 

3 

1 767 : 

; 11 41 

9i 

' 2 

■ 66 

6 

' 'Kll 

; 12 39 

8 

V J 

67 

3 

BiiG 

i 12 34 

8i 

■ 1 

69 

10 

810 

; 12* iH 

9J 

. 2 

•67 

11 

879 

13.21 

,7i 

1 

68 

9 

872 

13 14 

8i 

i 1 

71 

5 

855 

12 63 

9 

: 2 

69 

3 

927 

14 3 

7f 

1 

' 70 

2 

919*1 

13 61 

8i 

1 1 

' 72 

Jl 

4 

• 901 

b* 

13 43 


! 2 


f. 




TABLE 31 — continued 


Angle of - 
crossing by i 
C/LM. 

^ - - - 

Switch 

length. 

• 

Lead. 

1 • 

RaVlius. 

« 

Radius . 

r 

t 

Versed 

sine. 

Switch -i-by 
C.L.M. 
of crossing. 

Decrease 
in I.ead for 
4|iii. H. 


Feet. 

Ft.. 

ins. 

feet. 

Chs. 

ft.V 

Ins. 


Ft. ms. 

10 . 

21 

73 

6 

898 

13 

40 

9 

2-10 

4 

lOJ 

16 

73 

.0 

1020 

15 

30 

7J 

1-52 


lOi 

?,o 

76 

0 

996 

15 

6 

, 8f 

1-90 


lOi 

21 

76 

V 

9^)3 

15 

3 

• 8^ 

2-00 


11 

: 18 

75 

9 

1126 

17 

4 

7^ 1 

1-45 

1 3 

11 

1 20 

79 

0 

i09H 

16 

42 

fli 1 

1-82 


11 

i 21 

79 

8 

1093 

m 

37 

81 i 

L-91 

1 1 

Hi 

16 

78 

6 

1238 

18 

50 

74., 

1 *39 


• 114 

•20 

81 

11 

1205 

18 

17 

81k ! 

1 1*74 


114 

21 

82 

8 

1199 

18 

11 

81 1 

1 1*83 



12 ; 

.16 

‘81 2 

12 

20 

84,10. 

12 

21 

85 7 

12 

24 

87' 7 

'124 

20 

87 9‘ 

124 

21 

88 6 

•124 


-O) 7 


20 

90 7 

'21. 

91 .5 

13 

24 

93 7 

134 

20 

93 4 

134 

21 

94 3 

134 

24 

96 7 

14 

20 ‘ 

96 1‘ 

*14 

A 

97 0 

14 

•24 

99 6 

15 

24 

105 4 

16 

24 

hi 0 

17\ 

24 

116 5 

18 

^24 

121 9 

V) 

24 

127, 0 

■ 20 

4 

• 

*24 

132 1 

1 

r 

L- 


!20 SS 
19 G4 
19. 57 
.19 42 
21 61 , 
21 42 
21 24 
23 42 
23 33 
23 12 
.25 42 
25 30 
,25 6 
27 45 
27 32 
27 4 ' 
31 20 
36*G0 
4C 57 
46 tie 
52 1 
58 18 i 


1-33 1 6 

1-67 

1-76 

2 00 1 2 ’ 
1-60" 

1-68 

1-92 

1-54 1 6 

1-61 

1'86. 1 4 
1-48 . 

1-56 

•i-78 

J-43 1 7 

1-50 

•1-71 1 5 

1-60 1 7 

1-50 'l 10 
1-41 j 2' 0 
1-33 2 1 

1 ‘' 26 ' 1 2 2 
1-26 j 2 4 


t 
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TABLE ‘ 33 . 




•DOUBLE .LINE JUNCTIONS-^fconiinued. 

I 


185T. Switches. 


d ® 
o fi 


* aSg 

00 

d 0) 

-AS 

-ii: 




N,* 

Chs. 

i Ft.' 

■ ■ 

10 i 

1 668 

S-63 1 

104 

: 701 

8-8H 1 

11 

i 734 

9*02 ! 

1141 767 

9-21 1 

12. 

801' 

9-40 ' 


I • 


N,* i Ml ■ Nj i K, 


84' 7 ■29 7K>'5O54;4-C0 44|8l 
8J! 7-46 74.T64 .5JU-71 4J[‘ 
9 I 7-63 7i'3-76 5j!4-82 4i|Ci 
94i 7-80 7V .5-89 6 14-92 ,5 
9j 7- 96 8 0-026 -5 -03 .O 
94| 8-12 8}lJ-14 C,i.>-13 5 
28 (U;6 -26 (!4'.3-‘33 .■>} 

43 84’6-38 ()*5-33 5-j 
f.8 H^0-!>0 0i.')--l3 
97 9 ,0-72 tW-) -61 

16 l]064fi0-80 10?; 9-14 9-t6-93 7 .0-7>J 5-; 

IV ill3011-12 11 I 8-41* 947-‘l3 7 ..O-'J? 6 

18 1196 11 -'41 114: 67 7J6.14 0 

19 ;]26211-69 n?; 9-93 10 ,7-C3 746-31 6il8 
■<20 .132811-97 12 ' 10 -lOi 10.4^-72 726-47 6418. 

214:1-127 12-40 124 lO-fi-l 104 8-00 8 ,6-70 Oipi 


124 833 

13 ; 86(jl 
134' 899 

14 I 932 

15 ; 908 10-47 104i 


9-59 .. 

9-78 92| 8 
9-96 10 i 8 
ilO-13 lOjl 8 
8 
9 
S 


LEAHS. 

I In feet and inclien.) 

'1 “1 

L, ' L„ ; I L^'l 
If. ins.' F. iiiH.i F. F ins 

‘fTi. 3l 76 8106 6'129 10| 


|64 7! 78 4:108 10132 8 
[55 10: 79 li:ni 1 135 5 
|67 fi 81 f5113 3138 2 
1:83 0115 5 140 9 

2' 84 5 117 6 143 4 

3‘ 85 9 119 5 145 11 

4 87 J 121 ills 5| 

4 88 5123 2 150 11 

3 90 11 123 11155 8 
1 93 4 130 6 160 21 

|77 ir 95 8 133 11 164 6 

179, 9 97 11 137 2168 7 
L 6 100 O'l^) 4 172 7 

13 1 102 0143^4 176 6| 

5104 11147 10 182 3| 


168 

)0 

70 

171 

.^72 

]n 

76 


A 


SLIft. Switches. 


Chs. ; Ft. 


12 

]3«. 

14 

15 

16 
•l7 

18 

10 

20 


800 
866 
932 
998 li 
1064 
1130 I 
1196 
1262 
1328 1 


21Jil427| 
1.^ 


K. 

9-46 94,7-98 8 .6-03 6, ->-03 5 70 

9- 82 9^ S ■ 29 ■ 27 0 1 ■> ■ 24 r,\ 72 

10- 18 lojj 8-CO .84 6-51 64.3-43 34 74 

10-53 104' 8-90 9 6-73 -5-62 64 76 

10-8? 10? 9-18' 9J6-95 7 .5-80 5?78 

1*19114:9-46 94:7-16 74:5-99 6 80 
1 -yg 114i 9 ■ 73 9|;7 ■ 36 74 6 ■ 16 6.? 82 


1- 80 nil 9-99 10 j7-56 746-32 64184 

2- 09 12 |l0-25 1047-75 7i|6-48 64p5 
il2 ■ 50 124 10 ■ 60 104 8 ■ 01 8 6 ■ VWipS 

' ! ! 

I I ' 


ins. F. ins > F.«iiis.! F. ins. 
0, 84 ]i;il7 (»143 2 

C 88 0121 9 148 4| 

9,90 9125 9153 51 
10i,03* 5129 8,158 4 
9! 96 0133 4,163 0 

7i 98 5.136 10'l67 6 

51€0,. 9'l40 3171 8 

2103 0,143 7 175 10 
njl05 ;2146 ,10179 10 
7108 4 151 4' 185 10 


Nijte — For switch lengfchs^iiofc given in table >- t „ 

(i.) The dilleronce in the crossing angles will be negligible. 


(ii.) Approximate leads may be obtained by proportion, 
e.g, : for 20ft. switched deduct one-third of difference 
between •leads given for ]eSft. and 21ft. switches, 
from leads^ivon for 21ft. s^t itches. , ^ 







ta61jE 34. 


^ABLE 34. . 

SADI! OBTAINED IN ‘A JUNQTION WITH V^lfUIOUS 
SPACES BETWEEN TRACKS, THE DIAMOND 

CROSSING ‘BEING 1* In 8.^ • 

• • 

Gauf?(3-4' HV' • Switch hooi tlivei^jencp 4 ^ 


Space between two 

iniiiii tiacks , Sw^^li 

• 

Radius from a 
straight main | 

Incroasc in 
rad Ml, y for 

S - V K 


1 (Ja»«o 




1' of space. 

1 linos ■ ^ 

Ft. ins j Ft. ins . Tt. 

rt.. i 

Ohs. 

ft. 

Ft :■ 

. 

0 

0:6 ori JT) 

1145 • 

21 . 

59 

133-9 

• -394 • 


i : 16 

] 1.37 ■ 

21 

51 

133-2 

-422 


LM, 

1420 ' 

21 

40 

U2-2 

-477 • 


: 20 

1419 


33 

;ft) 

131-5 

• '.wi 


: 21 

Mlf; - 

• 13 1-2 

• 558 

• 

; 

14T)9 i 


23 

• 130-5 

•639 

6 

6*(?11H 16 

1504*. 

22. 

'Jit 

— 

•42H\ 


i 24' 

1474 

22 

22 

— 

• 62;j 

7 

0 7 oh ■■ 16 

i 24* 

ir>7l : 
l.')3i) 

23 

23 

53 

..-i *404 - 

^ ^ WJ12 

8 

0 i 8 61 . 20 

16S2 : 

25 

•J2 , 


- 


1 ' 24 

1670 ■ 

25 

20 

• 

-.^7 

JO 

0 rt) r)\ : 20 

i l')4.') 1 

29 

31 


-453 


• 1 '24 

i 1931* 

29 

17 

— 

•5-W> 

T|2 

0 ;i2 oi 20 

1 2208 ; 

33 

30 ' 

— 

•42() 

■ 

: f 21 

2192 • 

33 

U 

• 

■513 

■ 

1 ; 

! 

i 1 

1 



• 

• 


Notcs-~T 

• • 

* With 4-J" flivoi-f^enco Uie Radii will ho slij^litly grc.iter, 
about 4 ft. average. I . • ^ 

I If Uotii lim^s are curved this w^ll he “ Rqnivalentlhulii^.” 
. j Examine. — Switclies 24' Space 11^ i.c., more 

than - 

Radius for 6' sp^ce = 1409' 

Add 130-5^ = ^_18' 

Badius fof‘11’ 6" space 
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TABI^E 35. 


. TAbLE 35. 

/ 

DOUBliE TUBfNOUTS. ■ 

Width^ li^twee^ , gauge lines* at toe of second pair 
^ 4 of^switclies. 

To tincl Wif^tli (Y) add* the approprijko dimensions “A” an^ 
“ H” to!:*otlier. Example: — Switches 15ft.; distance i^etween 
toes oi switches ‘ASft. (therefore 1 — 28' — 15'- 13') ; radius 
4()0ft. ; 11*1^". Then A 4-13-2^+ Y. 

« 

Dimension A (in inches). 


Kcjiiiv. j 
H.'id'.iiu > 

Distances in 

tect from heel of 1st to toe of 2nd switch 

(1 Fiji \Mi --S). , 


of Iht [*“ ■■ 
Lurnout.| (> 

7 , H j 



11 

12 



l:j ; 

14 

i ; 

1C 

200 l‘l4 

' * i 1 

; 14 1 14 

i 

n i 


n 

43 ! 

i 


i 1 


‘ioO 1 4 

.14 ; H 

2 1 

*23 : 

24. 

34 1 

... ! 




:uj0 i 

i 1 ; a ^ 

n 

2 1 

n 

24 i 



••• 1 


. :h“)0 ... 

: ^ 1 1^: 



n 

! 

... ■ 


If • ■ • 1 


' .100 ! ... 

1 •» ' 1 

5 t-i 

1.^ 1 

1a 


f>X ' 


i_t j 


150 1 ... 

1 H ■ f i 

U ' 

U ' 

lii 

n ; 


i *” 1 


• fiOO- 1 ... 


J 

If 

n 

U 

o 

*4 1 

n 



ruiO 


• ^ ; 

U i 

IS 

i 1.'! 

14 ' 

2A 

! 1 


,/500* 1 ... 


• ^ 1 

1 i 

ht 

, li ' 

I'i 1 

2 

I 1 

ai 

oiO k.. 

1 1 1 

• ,» i 

4 • 

A : 

lA 

' 13 

14 ' 

n 

1 1 

23 

700 : ... 

i ... i ... 1 

-» i 

1 : 

3 

1 ■ 

u 

n 

L lA i 

24 

^00 j ... 

1 

Jt,— ■ 


n j 

.4 : 
1 ' 

•> 

k 

I 

14 ' 

u 

!• n 1 
! • ! 

14 


■ n^er- 

{^eiicG 
1 («)■• 


DiMJiNSION «H (in indies)^, ' 


DistanceH in feet between switch toes 
» (P Fig.»3vvii.-8f. » 

18 1 19 1 20 ! 21 ! 22 ! 23 124 ! 25 ! 26 i 27 | 28 I 2') 30 i 31 


! Inches. ' | ' ;5) 

rr j 44 !G’} 7A174 81 IS 9 1 9g ... 

\ 4L 1 I /ifi : 'TJ. 79 


.15 ^ 44 0g,6| 71 74 7Slsiji<3 83 9 

^10 t 4.4 ...* ...I...!*... 6i.0.i 63 7 7ir7j!7.jlr8.j 84 8* 

12 4) 74 74 74 1 83 83 94 94 94 '. _. 

15 43 I... 7 7.4 73 74 84 84 84 04 94 94 

, 16 43 i... 64 64 74 73|7l 8 ,84 «4 84 84 


• * Y on Figs, xyi.— 1 and 8. 

A=1»4-2K. BpP^-M. M = 


870 







CroBsiiij? 


N, 


N J 


7 


7 i5i 
« l'5i 
sr 

5: 
6 

fii 


7 

8 
8 
9 

Hlfii 


9 i6i 


ft. 

12 

12 

12 

i•12 

12 

12 

12 

12 

12 

12 

12 

12 

15 

15 

15 

15 

15 

IP) 

15 

15 




Kifclii of 





• 

• 






Tiini- 









onts.« 




.J 









• !• 








p 

Y 


R, 

L, ! 

1 

•U 


0 E 


fl. 

ins. 

% 

ft. 

fl..ins.jft. inH.'.rfl. 

ins. 


• 

ft. ins. 

21 

n 

326 

224 

43 9 > 37 

5 

14 

5 

8 

4 11 


iM 

21 

n 

326 

320 

4.H 9 1 43 

9 #15 


7 

7 I2J. 

0 


21 

n 

326 

448 

1.3 9 i 49 

f) 

15 

u 

7 

27 

0 

1 U 

21 

9 

448 

326 

49 9 43 

9 

17 

10 

10 

11 15 

0 

1 5i 

21 

9 

448 

448 

f 9»9 ! 49 

9 : 18 

6.^!l0 

2+121 

0 

1 4 

21 

9 

448 

594 

49 9 ; 55 

5 

18 

,11 

9 

10 1 26 

8 

i*:u 

2i 

•if 

594 

448 

55 5 : 49 

9 

21 

0 

];5 

5 i 15 

4 

1 0-1 

21 

m 594 

594 

55 ^ j 55 

6 

U 

6 

12 

1ft 21 

0 

1 5^ 

21 

10* 

448 

448 

49 9 49 

9 

16 


9 

04i,st 

0 

] 2.1. 

24 

m 

448 

594 

49 9 1 55 

5 

17 

1 

8 

8 |20 

H 

1 1^ 

2# 

ftj 

594^ 

448 

55 5 ; iO 

» 

19 


12 

U iM* 

4 

1 H 

24 

lOi 

5<J4 

1 594 

65 5 1 55 

5 

19 

94 

11 

7.^ 24 

0 

1 4 

27 

9i 

580 

1 5fi0, 

57 9 1 57 

9 

20 

1 

10' 

8 27 

0 

1 23 

27 

94 

580 

742 

57 9 ' da 

7 

20 

8 

10 

1 ■ 32 10 

1 2 

27 

9i 

742 

580 

«? 7lr>7 

9 

22 

8 

13 

11 21 

'A 

fl 4.^ 

27 

n 

742 

742^ 

63 7|6:Y 7 

23 

5 

13 

2 l27^ 

0 

1 4 

4>0 


5R0 

580 

57 9 i 57.9 

18 

0 

9 

9 . 30 

0 

1 Vl 

30 

11+ 

580 

742 

67 9 ' 63 7 

18 

f 

9 

2 i:io* 

10 

i 

30 

lOi 1 742 

580 

63 7 ! 67 

9 

21 

4 

12 

3 ! 24 

2 

1 H 

30 

104 

742 

742 

63 7 1 63 7 

1 

21 

10 

11 

9 l3U 

1 

0 

1 3 

• 


Tha dimensions given fot 15ft. switches (^ms. H) will apply 
practically toalfift. switches with 4 Jins. li anil tho same P. 
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TABLE '37. 


TABLE. 37. 


THREE TJIROWS. 

(Typo 1.) 

S 

Main IjInr Crossings OpposiTii;. 

Giiu£*o ■!' SV'. Switch heel diveyi^junco 


i 


•Length of 1 Anyle of 
lon^jer ^^iiftinTiuc 
ftwitch. j CroHsing. 

Radius 

t of 

Turnouts. 

• 

, 1 r Angle of 8rd 

1 or middle 
ruruoutB.-', 

Ticad of 
8rd 

Crossing. 


1 N,itN,i 

II. in feet. 

1‘r 


. r.. 

iYet. 

12 

« 

5 

‘ 224 

* Ft lus. 

37 5 

• 

3^5,34 

Pt. ins. 

23 7* 

• L2 

« 

.• () 

. 1 

7 

1 

*326 

! 1 

43 9 

4-36 4J 

27 2 

15 ‘ 

i -do 

51 7 • 

5-()9*5 

32 2 

15 

^IS- 

! 

! 580 

57 1) 

5 

5-79 5i 

'35 6 

9 

• 

1 • 

i 

65 8 

6-53 f;* ^ 

40 « 

IS 

' 10 

' 908 

1 

71 8 

7-22 7} * 

43 11 
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TABLE 38. 


— ^ 

• TABLE *38. , 

DISTANCliS ^HTWEEN CROSSINGS.- ^ 

Main lines parallel, all roads straight. 


Gauiie 4ft. Hl-ins. * Rnil HimviIr 



RrT.K s. - 1)-- Sp X Cot B - (i X Cosoc B. K -- (4 x Cosuc B-, 
F=-GxC()tB. Fo\oxaniplos soe C!ni])t.eis XfX. and XX. 


l::c 







■ 1 

2 

£ • 

iJ 

od 

J2 

apart nf 
fine points 
with Sp. 

(rvo- 

*Afld i 

for ; Add for 
each eac.h foot 
Mioh of,*o{ &pa(:e. 

LeiifftR of 
sides of 
diamond ^ 

i nstanee 
from the 
obtuse to 
opposite 
the aSute 

Fine p(»int 
aetual 
nose. 

i 

m r 

tJJrO 

clear). 1) 

siuice. 

, 


tTObiin«. 


3' 

a 

< 

on sketcii 


• 

V on all Ctrl I 

1 in.>se. 

' nose. 

' * 


V 

• 


• 


i 



i ii>. 

Ft. in.s.* 

JTt. ins. 

I't. ins. 

In-;. 

1 Ins. 

1 

•■! f)^ 

i 

» 0 

*5 ’lOf 

*3 1)4 

,t 

1 


ji 

- Cyk 

i 

10; 

0 4 

4 3 

7 

.> 

s 

n 

i. 

1 

. 1 04 

0 JO, 

■I* :’4.i 

7 

s 

.1 

> 

lii 

14 

4'. 

5)^ 

n 

1-2 

1 21- 

1 4 

?ii 

ry 9.4 

• f) 31. 

1 • 

-li 

* ’t^ 

li 

J* li 

14 

1 ni 

H 44 

(5 in 

II 

1 


• 1 5^ 

12 

1 7^. 

8 lOV 

T f.l 

14 


•Ik 

1 9i 

J* 

1 HS 

s) 54 

■ 8 21 

12 

Ti 

2 

2 IV 
2 8t 

•4 

24 

1-104 . 
2 14 

► 10 0 

11 1^ 

H 10, 
10 1 , 

14 

a i h 

!} 

ii. 

2i 

*3 3 

.22 

2 41 

12 3 

11 3^ i 

li 

14 

2i 

3 <4* 

22 

•2 74 

A3 *44 

12 f) 

2 

H 

3 

# 4 

2l 

2 11 

J4 6 

13 ^4 

' 24 

14 

3i j 

4 10 

34 

3* 54 

15 8 

11 li 1 

24 

2 

34^ 

'54 

3f 

3 ^ 

16 10 

16 14 i 


r24 

3^ 

5 10 

.34 

3 84 

17*114 

17 4 

2(1^ 


4 

6 :3? 

34 

3 114 

19 • 14 

.fcB 64 ! 

.51 


4i 

6 <>4 

44 

4 24 

20 34 

19 9 ! 

34 

24 

4^ 

7 3 

44 

4 64 

21 64 

20 11 

34 

2i 

4I 

7 84 

4i 

4 84. 

22 74 

22 14 

34 

3 • 

5 

8 24 

5 

4 114 

23 9 

^3 34 

3f 

34 

6i ! 

8 8 

5i 1 

22 i 

24 11 

,24 6 

1 34 

3^ 


* Distaftecs below these jioiiibs are to the riettrest J* 
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TABLE 68 — cofitinued. 


,5 Distance ' Dmtance pi,je 

ISv/iHirt of Add • Length of ’ to actual 

gj Time points for Add for obtuse to . „<jsp 

ijs.^ wilh Sp. eac5. each foot a,-* „.„,i I opjiosite 

6' 61* (6' 0",iiicl/of' of smcc | Uio acute i— ; 


^ ^ 6'5i-(6'0":iiicl(<o; 

clear). D jspaice. 
^ pri sketclA ' 

I't. ins. Indh 

C)i 9*2 '51 

5? 9 7 5i 

() 10 01 6 

0} JO () 6i 
64 10 114 64 

6J U 5 Of 

7 n 10 7 

74 12 4 . 74 

74 la 9 74 

74 13 24 ?f 

8 13 74 a 

,84 14 1 84 

84 14 64 84 

.84 .15 0 I 84 

9 ,iaM.5^9 

tt4 I 15 104 94 

94* 1(T 4 94 

94 16 9 94 

10, 17 24 10 

104 18 14 104' 

11 19 Q 11 

114 19 i04 114 

12 20 ‘9 12 

124 21 8 124 

13 22 64. 13 

134 23 5 134 

14 \ 24 34 14 

;6 a6 04 15 
It, 27 10 1« 

17 29 7 17 

18 31 4 18 

fl9 33 1 19 

20 34 10 20 


Eon sketch, ci'ossin^. 


jFonskPtch;nosc. jnouej 



ins. 

Ft. 

ins. 

Ft. 

ins. 

Ins. 1 

Ins. 

5 

M 

26 

1 V 

25 

8 

44! 

3-S- 

6 

.84 

27 

3 ’ 

26 

lOi 

4l 

34 

6 

114 

28 

51 

28 

04 

41 

3^ 

6 

24 

29 

74 

^9 


n 

31 

6 

54 

30 

94 

30 

5 

n , 

4 

,6 

84 

31 

\n 

31 • 

74 

5 i 

4J 

6 

11. § 

33 

14 

32 

94 

r.l 1 

1 

n 

7 

2-5 

34 


33 

114 


4^ 

7 

5^ 

35 

5? 

35 

2 

541 

44 

• 7 


36, 

7^ 

36 

4 

5J 

4| 

7 

in 

3.7 

10 

.37 

6 

6 

5 

8 

24 • 

39 

0 

38 

84 

f 4 

54 

• 8* 

5k 

40 

2/ 

39 

104 

6g- 

5i 

8 

8S 

41 

4 

4J 

04 

64 

54 

• 8 

lU 

42 

6 . 

42 

3 


54 

.9 

2g 

13 

8 

43 

5 

65 

5? 

9 

55 

44 

10 

44 

7 

74 

61 

9 

8? 

! 46 

04 

45 

9 

•74 

64 

9 

114’ 

i 47 

24 

46 

114 

74 

6i 

10 

54 

1 49 

64 

49 

4 

71 

64^ 

.10 

ii4« 

i 51 

11 

5\ 


84 

61 

11 

64 

i 54 

3 

54 

04 

8i 

74 

11 

114 

i 56 

7 

5(4 

44 

9 

74 

12 

54 

' 58 

lf4 

58 

■9 

91 

7i 

12 

114 

i 61 

34 

61 

14 


84 

13 

54 

6'3' 

‘ 8 

63 

54 

104 

81 

13 

114 

136 

0 

65 

10 

104 

8i 

14 

*114 

7^ 

84 


6^ 

Hi 

91 

15’ 

'114 

75 

5 

7? 

3^ 

ri2 

10 

16 

Ui 

80 

14 

79 

114 

12f 

104 

17 

111 

84 

94 

84 

8 

134 

Hi 

18 

111, 

.1 89 

6 

89 

44 

Hi 

111 

19 

111 

! 94 

3 

94 

1 

15 

124 


• 

•• 
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.i^ble; 39. 


• TABLE ‘39. 

. CROS^VliR ROADS. 

Main Lines straight. Twrnout curves reversing witli fio 
straight ))efcweeii* (Soo Fig. — if) • 

• * 

•Table shewing dista^co^ apart oi csossingw and saving in 
• distance over that I'or slraighu hofw'oon crossings.* 


(hinge 4t'K 8iins. Kail widtlf 2iiMns. 


Distance apart 


Sj)aces (between gauge lines). 


of crossings. 

; -\-T 


- 


— 

D on sketch, 

1 ft. ins.i ft. ins. 

ft. ins 

ft. ins. 

ft. ins. 


Table 38. 

J f) oi' 7 

B ni 

9 ryk 

; 1 

10 54^ 

1 


On straiglit .. 
Ko verse curve. 
Saving 

• 

On straiglit .. 
Keverse ciivvo. 
Saving 


Crossing i in! 7. 
11 K) IH 
il ol23 


1 




! CrosSi ng 1 in, 8. 

,ll3 7121 7129 

.;13 ;‘20 1 1,20 

.! bf. 0 


On straight 
Koverse curv«, 
Saving 


! Gross! ng 1 in! 9. 
..'if) ,1124 6*33 




Bi,22 

1 


8J,30 

H\*'2 


Radius |438ft. 

!)132 9 139 

0 ;■!'.) • h !34 n\ 

i\ 3 *7] 5 U 

• I 

Radius |578ft. 

1 1 53 .').H39 *9 
4 . l.}| .7 , Oi 

j i 

Badiui} 1740ft. 

4f42 4V51 4 
5 i37‘ 9^144 11 


On straight .. 
Rnverstf ciuTe, 
Savijjig 


i«CrosBi|ng 1 in{ 10 

'17 2i27 2i'37 
,16 5i25.4i!33 
9fl9^;3 


] J 6-5 

. ^'adius 

2 |47 2 
llil42 2 
2'f; 5 0 


0» 5 

• 

1925^. 

,57 li| 
i30 1 
7 Oil 




Notes. — Tli .1 curve is taken at tlie same radius on ceittre 
■ of 4ft. as tliat of a turnout with the given angle of 
crossing and I5ft. switch. (Table 31.) 

The above figures sbev? that the saving in distance is 
so small as practically. never to warrant the omission 
the straighjjbetweei? •crossings, when^he ^main lines are 
straight. • 
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TADTiX 46. 


- 4 - 


TABLE ^0. ‘ 

SCISSOBS GEOSSOtERS.— n-pe 1. 

(See Fig. XXI. -1-* -page 26*2.) 


Gauge 4ft. K^ins/ H -Ijiy. Crossing angles C. Tj. IVreasiire. 
Crossovers straight between sttfaight mains. 

(rt) Sl’ACE BETWEEN MAINS aft. clear. 6ft .IJiiis. ginge linusV 



Ny, X, and D will always be the same for the same and 6[)acG, 
whatever the length of switch. 

• With 16ft. switches and 4|in, H and the same crossing N,, the 
R £j Nn and 1 will be practically tne same as given for 15ft. switches, 
4iin.H. / , 

9 

^ Special crossidj^ chairs will usually be necessary iN^iay scissors cross- 
overs with ^ 6ft. space. * ' 
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TABLE 42. 


U . 


TABLE /12. 

t 

SCISSORS CROSSOVERS. 
/ ‘ (TypeiJ.) 



between atraiglit' m^ins. Spac^, 6' oV gauge lines. All 
dimensions except D apply*, wljea* Space is over 6' pi". 


®. 5'3 

‘^§ 

Nt 


7 
7 
at 

f 8 

81 


'sa ‘ 

c 

’ll 4) 

O U 

iiadius of 
turnouts. 

1 

IM ’f' ' 

®3 1 

4 T- 5 ■ 

03 C 

V (.< 

■Ml 

Si! 
3 5 : 

b 2 1 


1 

• ! 

i 


I 2 

hLS 

sx 
< 2 

1 

i 

1 

-1®^’ 

•=11 

H 

S 

•/3'd 

H 

1\ 

Ti 

;»! 

Y 

1 ! 

X 

V 

1 


1 

i ccft 

ills. 

fcM 

ft. ill. 

in. 

ft. in. 

ft. in 

ft. ill. 


t 

ft. fki. 

i 

4i 

418 

49 9 

« 

5 3 

16 3 

\24 

7-40 

7 Jill 10 

lo 

-ti 

440 

51 7 

9 

5 3 

15 8 

1 04 

8-25 

84 

11 10 

15*. 

4f 

441 

% 

50 2 

» 

9 

5 3l 

• 

14 114 

• « 

1 1 

7-92 

8 

11 10 

curved 

12 

4i 

594 

55 5 

9 

€;0 

18 84 

1 3 

7-96 

8« 

13 74 

V 

, iryl 

0 < 

591 

64 ‘24 

8 

\. 

5 4 

16 11 

f 2J 

8-07 

8 

IS 7! 

curved 

15t 

6 

674 

66 10 

8 

» 

5 8 

i 

18 1 

1 

1 34 

• 

8-30 

84 

14 64 


^ Switch curved to Jin. Versed^-ine. 
I ^ II I ti Jin. fi 






TABLE S 48 ANP 44. 


* l^BLE 48. • 

OBTUCT CBOSglNGS. 



for 1 in 12 is half that^for 1 in 6, etc. ^ 


j 1 and clj for olffTfcr may be obtained by multiplying the above 

□e^ni - * 


dimenHions by the fig a res given in Tabfe 20- 

/ •% • 
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TABLD 4”5. \ 

TABLr45. 


. SLIP ROADS lN*DlA]\rONDS. .• 

Gauge 4 Ri” Switch heel rlivergencc 4V' 

Tlirovgh linoi^* straight. 'Sli]> rail taiigontial to straight switdi. 
Diniensioi\s refer to ontfM' rail of curve of sli]). 
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* TilBLK 45. 


TA IjJI 45 — coiitmued. 


Angle of 
crossing 

C .\I 

• 



ssCi 

S^?-B 

sl-S- 

a ^ 

Distance V 
cro.ssing to 
switch toe. * 

S w 

n g 

sb 

Length 
• of 
switch 

1 l^hidin- 

• 

Vers. 

fSlllO 

• ifslip 
rail. 

Diamond 
to slip rail. 
f;faug'elinc =<) 

- N 

,1 


Y 

("l 

S 

I 


U 1 

V 

1 .'1 1 


1 l* IIJH 

ft. 

Ills 

f(. Ills 

ff. 

tt 

HIS. 

ft 

ms. 

tl. Ills. 

7} 

68 5i 

7 

2i;i 0 

12 

51 

0- 

► 307 

n 

1 li- 

7 

()() 1 

4 

eili' Ti 

12 

57 

0 

411 

4* 

1 2i 

7 

6f) 1 

6 

04 

iOll 

12 

54 

0 

373 

3 H 

1 

7 

6G 1 

7 

61 

1 0-2 

12 

51 

0 

:m 

3} 

"•i OJ 

di 

63 

4 

lOiT 

H? 

12 

54 

0 

350 

3i 

[ 2 

di 

63 8i' 

G 

41! 

11} 

12 

51 

0 

315 

3^ 

1 1 

6i 

G1 4^ 

5 

*2} 

92 

12 

5 1 « 

0 

295 

3^ 

H 1} 

04 

t)l 4^ 

G 

Hil Oi 

12 

'18 

0 

2G3 


*1 0} 

dl 

r,l 4rf 

5 

B| 

JO-i. 

10 

50 

0 

38(V 

3i. 

1 ‘2i 

O'j 

61 U 

5 

21 


U 

,51 

0 

4GS 

3i 

i 4} 

dh 

01 

6 

Hi* 

1 o2;* 9 

4S 

0 

^25 

3t 

1 3i 

d\ 

59 OiJ 

4 

0.} 

• 7} 

•[0 

,51 

0 

*271 

:3i 

J ii 

()} 


5 

61 

102 

12* 

4isi 

Q 

24 G 

3i 

’‘I Oi ^ 

6i 

I.GO O-ii' 

4 

61 

••h5 

D) 

50 

0 

353 

3-2- 

1 3 


.61) O'^l 

G 

01 

Hi 

10 

47 

0 


3i 

1* 2 ' 


59 Oi;: 

1 

Ol 

•7J 

9 

51 

T) 

130 

i 3}' 

J.4i 


5!) 0;; 

, 5 

61 

loii 

9 

48 

«0 

,391 

' .3i. 

1 3-V' 

G 

56 K}, 

, \ 

3l 

•s? 

12 ■ 

1 48 

0 

2.30 

i{ 

*1 6i‘ 

(! 

.56 ?«} 

' 4* 

lOi 


10 

47 

0 

21)5 

n 

1 2} 


.^G H{ 

i 4 

4i 

M 

9' 

•18 

0 

i 360 

3? 

1 :3i' 


.51 Ifi: 

i 

9 

10^ 

10 

41 

0 ^ 

243 

3i 

1 li 

5il 

■54 4i 

1 4 

«i 

9i 

9 ’ 

45 

Q 

298 

•'Si 

1 ‘2i 

5i 

52 0 

1 

0 

di 

10 

1 44 

0 

2-25 

H 

1 li- ‘ 

di 

0-2 0 

1 

0 

U)l 

9 

; t'2.. 

0 

244 

Si 

»1 2 
*1 Oi 

Gi 

49 n 

1 4 

3-2 

92 

10 ' 

41 

0 

182 

3 : 

5i 

il!> 7-2 

! 5 

4 

1 OiJ 

.. 9 

39 

0 

196 » 

3. 

1 U 

5 . 

47 :H\ 4 

71 

Hi 

10 

38 

0 

144 

3i} 

*J 0 

5 

47 H 

4 

li' 

10 

/9 

3,9 

0 

180 

3S 



Jt- 

!• 

• 





—jf 


-0 < 


* With clmired track, the distancen “d” iii these cases, will not 
usually allow room for check rails to clear chair jaws. 

For length of diamond sides see liable 38. 

With 16ft. switclies aiid.^^ins H, the Uadi|> will be 29ft. less, th'fe 
V ijji. less, and thtf* d ” ^in. less than those given for 15ft. switches, 
thefbfore 16ft. switches are not usually ^ in ta^ble for slip roods. 

0 
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TABLE 47.. 


5 

t 


4> m I 

y 1 1 

« : 
t> ,-. jB ' 

■ 

«|^HxHeii'|X'^r soicciis|eCiM£ j 

o ■ 

CO t- It- L- X X CfJ Cl 1 

l.s ' 

. • 1 


I . 


o 

^ I 


B 

% 

a r • 

O , Ph ■ 


rf -a 

»V. , 


O 'X' 'I*! -rn CO '^7 o 

O Cp vX ^ Q 'T' •';> 

cb ;b c2: 'i l- tA* l'- 


x Cl o -Th Cl r- 

i'- o cw c:d ::■ 


-2 

cc|'<* 

-I- 

w 


o 

Ph 

p 

H 


C/J 

s 

hH 

o 

p 

c/: 

Ph 

O 

H 

Ph 


' ! [ii I »0 '• 7 »C «*7 1-7 X . 

S .1. ' 

. 03- rM 

S \'^\ 
^ :^l 

-Q : 

1 kC 

i = ^ , '-ri cr- JO 1- 71 o O 'X 

i ^ •/: . ■ 71 r- *o 71 o X w 71 

1 ^ ^ iO -^i c7 cb cb 

uC i 


>. 1 

t 

g,b 71 X r-; oo t- o CO 1 


t>c 1 , '- 1— • 1— < 71 71 07 07 *11 1 


J-'-> 71 71 71 71 71 71 71 71 


5 

d 

CO 

"o 

J3 

a 

(X 


L: ■ 

- ' I 


I B 


,"2 < 


(D 

^30 

<r? 

C5 


S S:-*- ■ 

e<3 

e ^ ■ 


O l- ‘7 CO CI.JC ri X 

♦ r--. o c •;: c .7 


-iH CO [.^ tH -h L-- -+1 

O ^ aiWO X 71 O O 
w ^ti ■*-'"7 


j 7 Cl _ 

€*j C7 cr. bi sT.' ( 


lJ ” 

^5 ^ Pm 


>-r O 
1 


JO* X 71 C7 Cl O C?. 
JO o X cr. o 71 CO 
cb o fb o I ^ %'- 



/ 

• ■ iS Eli 

X »0®01 O 71 f JO X 
t-H 'Tt^ C- »-M '-t< O CO 

01 

Is 

07 C7 C7 Tt< TP JO O 


<U ‘y r< 


of 

«• 




lO JC »c 
»0 71 »0 t' O 

CT op O O r- X O 71 
•P tH -H -H P tH 71 79 

;: ii II ii « II II 

HM- H<-> '-ir HM( 

01 C*9 

+ -f * • 


O 

PU 


I. 

■§ 


883 





TAHfjE ‘Irt — co^it}}iucd. 



% 
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*rABLi!! 4 ^, . • 


V V 


TABLE 4». • 

l/l 


liULli HEAD RAILWAY RAILS' -BRITISH 
« p«VNDARD SECTIONS. 


Weitjlit 

Deptli 

\¥idth. 

Web. 


' 1 


1 

•• 

Area. - 

per yard. 

A 

B 

_C 

i) ■ 

J-: i 

1 

F ‘ 

u 

k 

lbs. 

. 

ins. 

' ifls. 

ins. 

ins. 1 

ms. 

ms. 1 

ms. 

Sq. ins. 

CO ‘ 

a 

i Z I fi 

l 7 
if a 

1 2 7 ! 

• « 1 1 

j.% ' 

t i 

S ! 

i 

i 

5-8C0 

65 

45 

’ O-'i 

<» 

1 R 

U ! 

1 .“4 ' 

-s- I 

1 

1 

r>-:i38 

70 

5 

0 7 

■ilh 

1 0 
.1 ti 

li:5 

1 'i /i 

J iM . 

■t 1 

.‘1 1 

1 f. 

6-883 

75. 

55 

' 2i 

A ^ 

i,ll I 

i5v . 

;» , 
■'M ; 

i '(> 

7-318 

»o . 

5‘m 

' 0 



L.l- ' 

:i 

H 1 

j 1 . 

7-H0'.2 

85’*. 

i 5.1*4 

' i; 1 1 ! 

^ 1 r. 

!■' 

i'* S 

n ' 

1^ 1 

1 

‘ 


85R 

1 - 1 1, 

' “0 1 1 ' 
^ 1 L 

r 

1 1 

! 1 '' 


1,'V 

? ; 


j 

, 1)0* 

' o;':; 

0 ’ 

-^'1 - 

i 1' 

1 

1 I ‘-i >'» 

1 iyj 

1 1 tV i 

1 1. 1 j 

; 1 

1 

1 

i H-Hll 

OOR 

5.1; 

, 2-t 

>’• 

I t 

1 iv 1 i 

iJ, ' 

1 

1 

i. 

1 

H-Mll 

05* 'i 

. 5‘t] 

\ ‘2 '1 . 

‘ :i 

1 < 

HI ' 

1 

1 1 ' ' ' 

b.l J i 

1 ! 

‘■i 1 

1 

0-281 

•>95R, 

.5ii!! 

! ri 


1};: 

1 ‘ 1 I’b 1 

I 1 

1 1 

j 9-2H4 

100 

r. y » 

0 1 -j 

1 2-,' 

J 

i ;.i 

2., ’*4 

1 ; 

!«■ 

> 

n-800 


.k 

- P/' 


Tlio (limoiisions on Uio .«nj tho sumo for 

11 ■ ' ** 
all sections. 

Tl'.o sections inarV/Ml in tlio t;'l)lo oMsHuod until Juno, 
when they were revised to tlio sections marked “ R.’’ 

The dicifiriun shews the 95R section rail, full size. ^ 

dotted lines sliow the cross secti^^n of the lisl/plato 


for 85, 00, 95 aiul lOOlhs. rails. 


Kictracted by permitiHioii of the Bnimh Kaginoeriiij^ Standards 
AsHOciiilion from thoir Ueport No. 19*22, l^ritisli Standard Hpecifi»:atioii 
and Sootions for Bull Head llailway Rails ; official copies of which can 
be obtained from the^ Secretary of the dissociation, 28, Victoria Street, 
Westminster, S.W.1 ; price Is. 2d. {X)Bt free. 
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• 

DIAIVK3NDS OF WIDE' ANGLE , 

/ 'hill 

\m 


>t ’/lapfer .\\ ) 




' f 





.\u:> 


Scissors Crossover Roads /’ti-'-.v-- SLIP ROADS 



SIDING GR' 




.#;dkjc. 




^]ii till* ( rtso^dl itoins niarkiMl thus 1 ho yinhloiii-^ ol<-., deal 

with will l)(‘ lound iiiidor'tlu' lioad •* Ctintents.’* nni,o viV “ TJ 


ntUiMtc' 


A<«in‘ju\, {»!', r)!. ^ 

AiL;eln!i. ‘)1^. g 

Aiitdo ^ and 

“ Sw ili-li ’M 

An}i:lo'. nl . 7.'i. 

. lii'oiiu'ti y. d7, • 1 . '1’ 1 - 
(lilt and diauiUK 
..T, rl, 171 M(M. 

'-MiiK'- and difriToin (‘s 

nl. 17l^ 

willi F’l'jiJiid t(i (iir\(‘s. 

7'), T'Jl 
\ic;-x 'I'l’. 

\ I > (ii (III i«', r."). T ‘i i 
Arr.liiiicln 17*. ^ 

A'' Mil i:'l loll". |•|"lHl|( li-ll', -I 

••"I . 

• B • 

li.ilaiMiMl I oai III"- Ido, ^ 
n.illa>-i, do. T d. • 

(hMidiiu: ‘il I ail". 1-d, T l(j. 

holin' ^a(i|.;o, 1*2. 
hoard oi 'I'l ad(' i o(iinronif‘rit.«, 
7. -21 ‘Jd, 1 11, 214, ‘2.1S, 27Sf 
‘27w 

h^()K.^, ht^'i(%U',i lisl, d(l8 

'4'' J' - 

hnti"li '.ian((%i’d", 11, 'I' IJh oO 

hiillois ‘28. • 

hiiH’or stop". Ill, *271). • 

hnilor !(i(l\iiip:. 130. 


('ah nation, general lo marks, 3 
111 (O'Tioral '17*. •* 

Cant ,(soi‘ “ J^up(M?»i’lcvatioii 
(laid of rajis witli tlio ^ortioa] 

33. 

('aruap:<^ piks, 16, 42. 

Catoli p()ints, 18 , 106 . 


• % 

('lllrfl- clioih. lol* ClIIWO", 

III • 

• • ro^Minr.. 37. 177. ^ 

• *olit!i»i' ( I ossi n^^,,»d0, 260. 

"wilili. 30, Ki-l. 

:4'P -01). 

tlTioc ill row, 111, 2d“J. 

Cliaii lastoiiinijH and keys, 11. 

^ Chock I ail (lossin^, 133, 17l).' 
g rail, olii list' orossiiiji;, *266. 

1 ail. on ' iirvos, I 1 1, 31)3. 

( luM kill;' i>oiiiis ainl i rossinu;", 

. ( Inip^. X\ .\MI. 

(‘lio»d>, 71. S2. 1‘2(T, T M, k^ao. 

< iitlos. ^:onini'tj„\ ol, ()!), 76, 

• V' • • • ^ 

( h’.i ' I in • lo .'1 y i( » 111 !■", otc. . 

. . II, I... 

and s|).U(- on ciinos, 

• 133 

m* •ht'twoon V(‘lii?-I(*s, 106, 

1.33. 

Coiiijionsat 'on lor ciiiwatiiiw 24. 
Cfniipoi^iJ ciirvos, S, 117, 16*2. 
X’oi?rt^.» lloMiro, •<. 

Cony'isions in (ahiilatr^i, t!), 

• T I • 

iiK'asin o?-, 3’ 1 . 

of an^do iiK'asiiros, Jfi7, 

3’ 30. 

^ Cotaiij£i’ut.s and co‘iin?s of sw«.ili « 
audios. 3’ 2.'^. 

(6>ta^i^<'nts aiKi (osiiu's of ^ross- 

^ in^ aii^h s, 3’3t»' • 

(yarKvs, rails for, 4‘\ 

(’ros^ini:, iho, .1150* 

ao!j;l('.s, ‘limiting, 174. 

, angles, inoasiirenioni of, 

100, 31)0. 

- — angles, ineas>jrviiiont. of 
ohluM-, 249, • 

; -* ail^lcs", tr igonometrical 

9 ratios, 169,^30. 


CatcTi points, 18, 106. Mocks,, 177, 256. 

Centre line ineafliire, 16(), 3' 30. i timbers, 29, 31. % 

Chain drafz;, ♦ Crossinirs. ISwitcluw and, (ion ‘lai 

» Chains to foot and inches, T 7 , j. Hides, 180 , T 25 , 26 , 27 df^**^* 
8 . ^ •_ i also 'll Switch 06 ” ^nd “Fat- 

Cliai*s, 32 . * ' tors”).* 


399 



t 

('ro Ac L(' ()i \'c(', flctnils. 

l".l. 

■ i/I»tns.' ni «lijHiu»iul (■'«'** 

“ (ItMliiniwl " ) 

lictuc'cri, M' 

oil ilu' iuiv(*, 1 7‘i 
•( r()sM)v<;,r imu tion, I'^T, ’iAo 

■ --- ro.-xl, Tlio. L>!)0. 

'P 

<lll\i'v: fol-. 

'I’ll,, s( i‘‘knrs, 

:vxk t H), n, rj. 

CiiKic niiolsi , 

( 'll! \ iitiM ('. Kri{.His|i jnul \iin‘M 

< an MicMsiii citifii rs 
TIL IS 

(‘hi VO, ''ini|)l« . 7 

(‘iirvod iiunii. in sw lli lic^ .iinl 
|S|, JOI. 

L’S'J, M(I7 

• - nil. MS. :iin T 13- 

- ■ 1 1 jiok, nils. oll;m(‘oiis 

d.Mju!^, l'J<k 

('iii-M's, < iroiiljn . <li:i\\in<i .it, 
7'^, 301) 

- kpjkm.iI '•iiIcs 7S. 3’ *J3. 

. -Jl. 

-- ^.'ononil siiijiinni s , 81. 

- — |)iO(oss“- ol' sotting oiii, 

70. ^3 

- - pi-oliltMiis In, 80^. 

rinliin I'rnin V'.'r^^od %inos. 

Til, 1.-,, :o. 

short praoHciil nilo^, !20. 

~ compnniifl, 1 17, 

transition, 1-VJ. 

- - - inipi ovoiiicnt .if, MO. 

lo3 

l.’io* ih .if inn M- 1 ail , 4‘J. 
1-J3, T 1 7. 17a. 

-■ rcnonals on, LJo. 

- n'viMso, prohloms in. 111’''. 
-- n‘\^'i.‘«o transiti.)!!, 17>0 

on, V.'fi, IW. T fs. 

■ — - vehicles oil, 1-8. 

- --- - >\fnenm}:; of ^nn^, ' 13*J 

- (see aUo “ tratnilwiii,” 

“ super-elovation.” 
et .'. 1. 

(hit* inn of mils, in avoi.l, lh)0. 

‘270, 271). 

(’iittiniis. 20. 
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tinfm i/i-ft. 

o 

D.M-iinaU', 10 

- .-oiiMMsions, T .■) -in. 
n.dinit mm. juMUMal, 7. 

( iiM .' (liMK'iisinm. 7S. 
Oeiii.'i* ol iiii\e, 12‘J, 'P II 

I)(‘.^rev-. 73, T 1. 0, H). 2S, 30 
D.Tailei, 20, 27S. 

Details, ji Mieia' pi'i ina .lon t w av. 

Chaps. II. and Ml ' 
}j:.M)iM'aI i iir\ ed ti a. h. 
Chap. L\. 

Diaiii aim. iettei iiifi. ol , A. 
Diaiiion.l, I .it‘. and t lie nl ‘ inc 
.|..sx.^*^ 2IS>^. 301, 'P3S. 13 
11. 13. 

Diareond . I’d-snu.*. iii.Mmii .mimmO 
ol .'in«.di‘, 2I0 

. I o^'.m^. his M’l ioii III 

an'.;!.*, 233. 

. I i)‘-sinu:. d.dail dis 
tan.,*.. 233, T 13, 1 1. 
Do. k'. lo:1dlllL^ 13. 

Doiihl.' t union l . 'PI k'. '222‘’'.20(. 

^'\33. 3o'. 

Dnii'., 20. 270. 

Diaiiis, 3ti 

Dra A inj.i in ali . 3. 300 <■ 

Di aw iii't I I aiiiilcs, 72, 30 1 

.<1 I'lmi's, 78, 300. 

~ • - of ( HI \ Cs. |H olil.Mm in, 

SOC 

id’ sidiii;.'. I'l’i ,ps. 27S. 

-- - - .d tanf^enis 70 

t 

Earthworks, lit, P 2. 

El how .rail. 23. » 

El.'f (lii stfuk, 2S. 

Ele.lrified tia'k, 1{), 12. 1-13 
ICii;'me pits. Ifl, 12. 

I'..H itiom 30 

l".|Hivali'iit s (jm a -HI e-s). 'PI, 

To- -10. 

Efpin alt'iil la.lim, ISl. 2*)1. 

28*2. 2S0. 

I'hielirl, 07. 

Expansion. 43. 

F 

Eactoi’s. sysieni fd’, 1S3, *280^ 

qinjrjp tnnionl , T 40— 47. 

-- - for varies 'widths, 'P -Is. 
Feet, conversions, 30, TO, 7, 8 





- * • ■ • 

l-'nx’ point ol’( i^y«iiiy:, 17*1, T;58. liiMilk' niiil oiilhul4£<lii?o.s of^t^ails 

Kisliplalx'.s, 'r 14^. in (*alLiil«tiun,‘ 1*1 , J^Hl. 


Klangi's (it wluvls, 2 S, 1 -S, 111 . 
a\ , .‘I'J, I VI. I 7 (i, 27 }, 

l’'li)or iici;^lil.s. Wilson, 

I'i.MMji UllKllon, IS. • 

I' ni mat Kill, ‘JD. ^ 

|■^iall u)k‘. drllMll loll'.- ell., 

- - “] toll's ' 1. , 

l''iiiiiiii}.: pnint , in, ‘Jl . 

Kl iK liriH", IS. oil. 

^ iiii II (l(‘i iii'aK, •'!' 7 ), ^ 

l'’|■lunll•, Uaii''ilinji 1 iii'vi'. LM). 


< ia 1 lii’i 1 ii'i: 


111 siding's. 


^ Listiiiitions. (Ml#., *31 !.• 
InNtnmu'iil.s,' diauiiij;, UtK). 
Inl^odiK toi\v, 1. 

1 ri^li ^aii'K'. T 'il ■ ^ 

, I l ull U 'P ii. 

^ nn'.'i -III c, T 30. • 


.Iiiiii^. will. 13 ' 111 . 

.hiiKtinii cuixa^, 1‘’7. ‘Jll. 

-- - llv III;.' and lnii I nu mu;, 18. 

'rile doijlilc jill(‘, ‘214*. 
'I' 33. 31. 

'I 111* di)i|l>li JllU‘, liV 

i*i. tills, I'nj, 

'Mil* doiili!*' liiK', ilrai>- 
11!^^ Ill, 3!):.. 


^ • K 


liaik**, 2 : 11 . ?L!3. 

’ Ltad. Hides lor, 1.^1, 'r;u, 46. 

Hide*- li.i, 'I i.>o, 20. ‘27. 
■ ■ ilie 1 S 7 . 

1 ^ -a^ •*'^1 w , 103 • 

i labels, 23 _ 


.Ihd daiiui''. r J“ ' doiilii** liii(‘, ilrai>- 

.|i iiii'l!l> .Old I t iis> 111;*'. "I, 3!)-). 

13:*, J.3II. ^ 

01 iiomts ^iid I I os- in 

' a'' ida hull V ISI, 3<'|. Ke\- 31. • 

'^iileMillL' ol . oil 1 ni%e'-, ? • 

• l(^(0iu;, 1-2. * N^LjuidJ* liaik**, 2 : 0 . ?23. 

tm sti'iitnie, 13. , LTad. Hides lor, Isl,'r31, 46. 

iMOiMi'liy. ;j,i'lU‘ial jeiuaiUs. t* Hole- lei, 'I 2o, 20. ‘27. 

( ii MiiK’U K al pioMeiii-%, 'll''. ' - aUiii;.!; \lie ii:i\i', 1S7. 

terms 7 „ w , H^3 • 

llieolenis or lai'ts. ^o, ^ i i.eiels, 23 ^ 

(Jo- -1- t'laec. 17i. t I Hin^rip, mil. al i^miarks, 3. 

( H .ida ii^l^ 2 .k j out. -em ral pi o( ('dnro, 

;/.iTn iitit 14 ^ 11 , 2l. 3i)(i. 

l^r^i-nd ifJiiUs and liaim , 22, LoadiiiL^ y.aMj.!;e, 12 . • 

-3. \ ^ - -ia;*i‘s, I7». 

<inaid 'ad ('■ie ■‘•I'liitk rail”). • l.oekme l>jfr, 22, I(i7j. 

^ * • l.ocyniotivos, :^8 127, 132. 

• liOiii^itiMlmal (sli'i^K’rs, 3If 42. 

• ifaM.i" .,!• iiy. * 

• ol iin^siJijj., J7.P lyi 

- - ol Vuriiour, 200 . • • m 1 iw '1 i- 

llea(W^a\ 12. 17. .Mar-liainnir yards, j^radunits, 24. 

— vjirrl.-, rnrso.s, 127. 

•'"'“P’ - *■ I.. I ,ro; 


I;n.pio\ ^li^-Jit oJ’ enivos, 110 , 

m. • 

Jnclu's as docinials of a loot, 
’■30^ TO. 


.Mar-lia!11ni£ yards, j^radimits, 24. 

-— Nard.", rniso.s, 127. 

\aids (s('c ;dso “Siding 

• gmup^”).’^ • 

^MaUnial^, ivyiglits of, T3. 
Alatliynatn s, gunw^ remarks, 
4. , ^ 

Matlioinatii aP ( ukulatioii, J7*. 
M('a«iirc.s rfind vwdclitfi, Tl.* 

• M • i* ■ I ... • 


liic-lios as (lo(4nials (j^ a cliain, Moasuroiiioni of or(j.s‘sing angles, 
/T7. • 100, T 30. • 

Inn^’ rail ol^'c nrvcs, 45> 1*23, -MoiisnixMi^rtit o^»( ro.1siiig angles, 
T 17, 17a. ’ obtuse, 24il. 
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1NJ)KV- ~ CO tit in u(‘d 


lM(‘Msurfnu‘iv^ of oxistiiig track, 


lk)ints, r.iiiiau i 
'IGo. 


‘or faith 


,!8. 


a'lioiJ, i lk 

.\loilio<ls of N^ork^n^ in trac.i 

iJl'OhlfTM^', *J. «■ 

MftaU, hi T IV 

Motrif iiu'asiiics and t 

• Tl. , . . . 

jan linin', i oiivorsions, 

T i‘J. 

Minijiiinii larlii, VJo. 

Alinistrv t>l 'l'i'.'',.i'-poit, 7, 211. 

311. ■ 

in fir( nnals ni do^^roo, 

1’ i). 

Mis< fllaiifon^ diiiK'n'.ion-, 7. 
Mniiiinn'nt'-/’ I Kh 

K 

NiV'iil) ’! nip: ni^J{ii'"^, l)iap.rn^iis, 
’rahl('- fli- "i. 

Numhfi' nl finsM'ni:, niln-^ l‘oi , 

T -Jl), 27, 4d - 4S. 

C 

Olitnsf (,‘'00 " diamond ’’V 
OkVi pniifiplt' in lalfula^ion, 

, • 

OHsft-, tiii'vt', '^IV SG, 'I U). 

'■in MiiVfMiip,, 303. 

tn'iiifeilion (invn, 140, 

'r 22. 

Opo’iinpi^j In'id;.!;!', 1(>, 17 
OrdiniUfs, fiirvf, .SiT, SK, 120, 
T23. 

middle (soo ■* Vorwd 

sina ”). 

Oidnanfo datum, 23. 

Outsulo nr inside'ol' rails in fal- 
fulation, 181, 301. 

Ovcrhridj;es, 16. 

P 

Paimior leads, 223. * 

ronodicals, 311. 

PennanoitiJ ‘*\Vay, t -.omporent 
part>, 

ViM, onj^ine, etc., 16. 

Plans, .scheme, etc., 1, 3(X). 
Platforms, 14. 

Points and crossings (F''e 
“ Switches 

facing, ,21, 165. 


salcty or trap, 278. 

. trailii^j; ; p;rouiul, 22,*ltV). 

- (s»‘c also “switch”) 

Pony truck. 27. 

Problems, general n(>omoi ncal, 

•curve, • 

switclies and crf)r.siiigs, 

(4iaps. \\ -\X\.^ 

I*ro(d’s of Mih'ti, 71, 188. 
Pmjiortion, :!0, .-)7, G}<, 4' 20. 

•• 

Q 

Quadialii t'lpialini;. 00. 15)3. 
(,hi.irLcriii!j;. r,> ■-(‘llnig out- 
I iirvo‘', 81. 

R 

Hadian m -a '.I'c, 107, T 1 . 
Hadial axle laixcs, 27, 132. 

Ha, 111 limiting, 12.'). 

liintiiiUj in pim t'ljiis, 

T31. 

Hailiw^, cipiivaleiil, 181, 204 
282, 280. 

- - I mm \''-r-«'d sines, 4' 14, 

1 1 0 . 

and degrre ol I ur \ J22, 

4' M . 

' -- - nilcs lor, 71 ^81, 120, 
T2:v 2.^. '7^11, ir,. 

— — tuiiioiiT, ('tc.. d’ 2d, 20, 

27,31, j- 18. 

Han-, .sc.'ctioM'^, i\eighVs, etc., 
41, r3, 40. do, dJ. 

--'..section^ of, i:i the road, 

43. 

bendiiij,' of, 123, TIO. 

Olieck (see “ check ” n 

--- on curves, 42, 123, T 17. 

joints, 43. 

i H<*ciprocJils, d3, 4' 4. 

I lleforonee list, (books, ek*.), 308. 
Reference numlieis, ^ystenf of, 5. 
Refuge or relief aiding, 18. 
Rev**rso curves, 8, IM^. 

^ — curves, transition, loO. 

Right angUvs, to set linos at, 72. 
} Right angle measure, 166, T 30. 
Road bridges, 1(. 

Rolling stock, 27, 128. 

Rules, general lor circubr 
curves, 78, T 23, 24. 
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iNpKK. 


hTiIos, i^oneral •lor ^*ii|'iiiar 

• curves, sMiiniiun#,'^8l.- 
lilies, general lor cin iiJar 

vftr\i'«, sljort, 1^0. I 

Kiiles, general, tor jvti 

rlossilJjrs, JSO, 'I' ‘Jo, J(i, • 
l{ule.->, gi'iieral. lor s\Mtclu‘s^aiKl < 

(%l)SMl^.S, UMlphiilMl, JSd, 

'I' l(), 48. ^ • 

11 CIII'X 0(1, 1^)1), T 18. 

I?riiiav. a\ ]ioiiii 18, Hio, J78. 

• • ^ 

• • ® • 

Salotv point> and Kidini^s, 22, 

.’^aii'l dr.i;',. Jil. 

•^1 ait‘- loi plans, i . 800. 
vSiis><M‘s tilt sn\i‘i’ ntji'N. 

r KT, ll. aiid 42. 

>*'( an I . ()2, I To, '^iO. 

I y), /(). <I). 

O) I li’( j Dial*'', 4 0, lIL 
oiil anij^K'", rJ", "<2. 

. 8f)4. ^ 

oflt I ui voh, pi'oeosses. 88. 

• - ■ out (nr\i‘s, i«-ofili*ius, 

81)^-. * 

- - laii^i’iils, 7() 

Shill. })l, 117, T21. 22 ^ 

Shoitt’-' (W. IJ.) tiK'^iod, I li, 

ur.. i^j. 

Sidiu", 27li, 228, *28(1, 

127, 8!Hi. ▼ > 

.>p»ii.'dlin|, Ml, *J(>. 

Siiiiis, iiiatlinnatii al, 47. 7>(>. 
.Similar ih’xuTr, . 

Siuos, (il,. 1 70, C 30. ^ 

.Skotch, Skid, 2IJ. 

Slol‘p^‘r^^J 30, TS. 

Slip load, T1 r’,^> 00*. T 4o. 

Xhy outside, 2731^.- • 

, - lor t'.ap siiliii^s, 270. 
Solid (onU'iit.s, T2. 

Spaio.s hotwoen tracks, 9. 

01^ etirvL'd bracks, 133. 

tii-obtain an iin n'asc* of, 

104. 

SfMKis, bridge, 16, 17. ■* 

Sjx'<k 1, determination, 141, T 12. 

* on ctirve.s, 126, 143, T 18. 

Spillor (J. 146, tfl4. ^ ' 

^'SpiiMd of crossing chaiis. 177, 

5^7. * «# 

Springing of curvo, 8 


-CuU^iiLltnl.* 


28. 


S(piaPLv<, ol, T 

j^cpiare rool-s, 7)2, f 
l.ijitagob, loading^ lf)w 
jlbanding roitin, 11, 

S^'l, weight, 'r3. 

.Slop block, 2y.# « 

I Structure gauge, 1 3. 

«Si.i iickurcs,^ 13, 133. • 

Suh-chord, 71, 7(), T Tu. • 

lilies tor, 82. 120, T2;3, 

• •.21. 

Supi'r-eIo\at io», l‘J.j, 137, J-Ui, 

• T 18,^ 10. ‘20. 

— - — fioiii Virsed .siuc.s. 111. 

< - - niMumg out ol , 142. 

on variMii*, g.-niges, 148. 

■y2o. 

• SiiWt*\iiig ol Lra(i^, 802. 310. 
Switch. The, 17)0. 

- ■ angle. T 28. 

•- - iit^h# drawing of, 

fio:. • 

• - - . chairs, 80, 164, 232. • 

(Hived, iryj, 108, 273. 

— •d(>tail dimensions., HU. 

• diannmds, 248, 265. 

- heel divorgoine, 166, 163, 

. 28'-^. 

-^ngth of, 159, 2^1, T‘^ 

% ^ - Ihrcc tlfiows, 230. 
Svvitelics anil ci ossingH,«<j.'nt‘ia] 
iTiles. 180, T-26, ‘2(^27. 

. Sv.iolu's and erossingh, General 
inlcs, pi oofs, 188. ^ 

Sw it( lu's ‘iiiid crossings, simpli- 
j ti(*d rule;., ‘280, T 46, 47, •IS. 
Su'ik'hes and crossingfi, draAviiig 
of, 3(K>. • ^ ^ . 

I Symbols, syst^nn t» 1^ o, 5o. 

• — relating to a curve, 80. 

relating to switches and 

ei o.'^ingsj 81 . 

felating to •ilip roads, 

? 270. 


. /iabh's, 1 - 6J, 312. • 

ot, xiv«h^ 

, notes, 6. • 

i Tandem turnout, 223. 

. Tangent^. 8, T30. • 

' ! to draw, 76. 

•’ Tang('nt to main method? 197, 

288*j;46. ^ 

i Theoaolite, ^t^erence to, 70. 

- ‘ • * 403 





IN DEXr— 

* i . * 


Thvn • thro\^r Tho, L>30*y 298, *1 
-T37. ^./T • ^ 

'IJ^ow i)4' 33, 'I l(i. i.} '. 

• Tiinin^rin«x i)Oints ;Aicl (irossinpi, j 
M, 32, Chans. XJV.— X^ll. I 
(s<‘o iiKn ‘^('fi^ii'S ”j. * I 

TmiluMs, ( l ONsiii^', 31, 32, T 3. ^ 

Vi'aek, tU'finilinns, I’te., , i 

'r*at li \ 0 Vn 1 0, 1 2n, j 

Transit inn cm yrs, S, 91, I2n, i 

141)*, T21, 2‘if r : 

«ra(li.‘nl,t;J4. | 

Trap points and sidinjis, 22, 278. 1 

rr<‘l)h‘ turnout, 397. ! 

Irianj^K's, Lu*ouK*lr,\, <>", T2 ■ 

sr»lul loJi ol , ()3. 

'rrijiunomoli N , (51. | 

Tri^onouirtiical ratios ol c •‘'S- I 

" riTL!;' an fill's, 1(59, T 39. j 

Trifioiiouioli U'V,'' "ntios of mmIcIi 
, •iiL.jrlos, lo7, r2t'(. ' 

'runnel^', rails for, 31, 12, 13. 
**rurnout. 'I'lic, JOO, T31. 

Tho, nil os tor, IHO. 3’2.‘), 1 

2(5, 27. I 

Tlio, nilos tor ( urUHi** 

ma.ii, ISl, 201*, 2X2, 
2>^9. 

'Dio. rules for *‘'»'''cial 

ivPo.s,n2(18*, 291.' 

-■ The, l)vi actors, 280,2X0, 

If). 47. 

drawing, 3(.K>. 

ehairs, 40, 164, 232. 

— The dmihlo, ^22*, T 3 
. 36. V 

Tlie doiil)lo, hy factors, 

296 

Turntnhles<, Ih. 

Tyres, 28, 128. 


Lnderhr'.dge<; 17. 


f ro-sing, 166* (sco al.so 
“ ( ro'^'-iiig ’ 

VeliK !(►, 27. 

- - oil I urv(‘s, 128 

\'e!'-i«d sMie, 71, 78. 

pi«,i( tua! nile^, J20. 

---- ' ijuliu^ ln)iii,_T14, 16, 

16. • 

- - niles foi. XI. T23, 21. 

-- “■ o'liirlciing,” 86. 

- - 111 lilMlOUlS, 1X1. lO."), 

281. 287, T31, Uj. 

eiirved 'jnims, 1X6, 290. 

X'erliial iniui'-iireiiients. 23. 

- - - eiirvcoj 21. 

ViadiH t>, 1 ads lur, 12, I 16. 


Wagon.-^*, 28. 

WaUT lolu'iin, 16. |X. 

t'ouglis, 16. 31, 42. 
\Vi*i}.;hing iiuuliini's, 16. 

"/e'glirs^aiul measures. 3 1. 

V. eigifts r)l' luaiei laK, 3. 

\Vhec‘|s, 28, 128. r 
Whe<*l l.ase, 27: \ 

W ing lail fil (.ro'^‘•'^g, 176, £^.4, 
236.^ 

-- --- oi ol*t?r e, 266 

-- - - -Vu ong «s c hot k rad, 
224. 268. 

W'orking di'tail ])lans, 1, 300. 


(lias. Stvv.r, PriniiTy ManchcMfr. 








